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Mve hivhepricrity water probleos merit attention, all | - oh? 

of them comon aloo to the '4esourd and coluela Aver Tasins in 
the United States, Lees the control of enowelt floods; the = Ps 3 

prevention of eodineat in strean channels, menervetnas vatemoupply 

everens irrigation structures and on farn lands; tu orovecent of 

late summer vater supplies for irripaticay tho iocreace a winter 


© ‘_’ + gptreanflow for potential power generutions and prevention of 
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resant Problecta and Research f Heed: 


local flash Moots tres froa Mebctateastty. cumer re "eeinetorna,) The ui 


nature end causation of unser a the basin ere dlecussed cod below, 
end coment here ts concitnsd chiefly with the need for La Nive ten GES 
reciee control {ni the Jl¢ézan nyatete Such control 4s necessary 


because under natural conditions miter is rarely ylelésd 
in waye that are entirely mticfactery so for as man's 
activities are concermideseelf water worse mder conplete 
control there would be no floods where fleods essen . 

¢a=age or wasted enters uater vould be colivered cedlemte 
free to holding rosorvoirs ani diversion points: and all 
water beyond that necessary to cupply the reeds “of lends 


ead eotl protection upetrean vould oe exnilabic fer uso ee: peeeetins 


dounstroane yak 
There 1a, however, coldoa any ecoaiels Justi Meation for coaplete 
regulation, either to provide nearaverage flovs during extrese 
Grounte or to uoderate infrequent flood flevus 

Throuvhout the area, etreasfloy varies considerably both 
froa year to year end frca concen to ceanoay thoush ehere ace distinct: 


areal differences in degrete> Tita pattern of variability and mrked 


‘peesonality te pot in accord with the water mquiressits outlined © 


above, which would generally necessitate inprovesent of flow regines 
ond water quality, ‘with increased annual wateryiolds as the lens 


tern objective. The extent to which ecupply can bo geared to future 


Packor , Y,! “06 paterched os, 
in the Northorn Voclsy Hoy mntning Locos Paper presented to the Annual 
Meeting of the Mantana venservation Council, Kalispell, Montana, 
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Laycock, Actles eect Atatie and ‘treanflow in the vountain and 


‘wothill tiecton of the Saskatchewan kivor Bast n, imairie Provinces 


Vater board, oport ld. Oy hegina, 1957. PPe 2-27 aoa A2— 350 


“ 


j : = 
a . : . aa te 
7 ae oa = 


ag 


oe £m btihes emarees ee eee sats combs atk - 


waa treat ots elie! «7 “eu oT Sati ndlics hes oeliae 7 


te oeged @ 23 btw 4 chin ciiaigs> etme at ore, cis ll 
Cees el Sectes Pe? ata w wees aaa . ina aid 


teGitet, <Lende «3 aire chet) Sew Cypser er esartved 

: oe a 5% 6 Cee ce ey etelets wes toe aca 2d 
ee SF 6 a Se de gab tke, ee A ele 
pupal) ty «als Cie pal owe aire Laren. 


a —— i - = 7 6M nr alae i {a5 — my es A 
. eeu pum Qetdite coteeevlS tog ute SHY 1 on oT... 
»* a wie ia j wy -~ of caaees tee 1s if ale 
ee Ww ald CBee woop Seale, LO Be 
fa . ; 2 aab. 
a y aed i @ 
efeheow 2 seloeel Site) soe a x . altos ew all emt 


awrite. gekud orn eyreeraerige 4 etitrem oS Ase sok eigen 
ett fe or ov. ae tae 6S stguerss 


Coe? 1 Cceeeie ce e298 ei] Piet ‘em bc. to key G 


mle ee em Cod .faere 6S oe % bee Re 5 Anwd aoe 
Serue ken ys Liideer 6 ita cht “sercpol «i pce coe 
fietsliheo e440 Jr aaeepire’ ee sas oct Gy le breeon of foo as 73 Loe 


ame 4 ie © oe (abo ey ae -- ese. kG VT ‘areata weed | 


“0 = 7 7 
a _ = —— a 2  — TTT 


tip sass ae ate 
epee met ae ee ees 


ee anal saat ci ett © Frm ie b=, @* wt 4 
ad a Sane > a oe ry - 

=: staan Pea Hi énesi, hte 
oe O) eh: oe 7 ane 


ne capri oat wif haut , 
i eter 


"~\ y . ; - 

‘ F , {pb See ae 

RSGREeASS 

SE ate f ; ; 4 3 ah ie : 
") Rea eee aR ad \ Bice ewe / 2 : ’ ie Z 

SS aera he 


ieaande for water eeyonds upon the eucosesful eadiecarat of the basin'g 2 (as 
water Pecouress vaca: the EE ae a cultable Se exongat ~ 
; conflicting necdae shatever the nature of the docietoa 44 allesattag 
matermuse rights, dovnstreaa re iit seth must be taken | into accoute | 

S Asa ¢ connesticn with these two objectivess a need is 

apparent fer courage in Clase fying end using the provictons of the ~ 

existing legal frenovors and in formulating a development ie 
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ensure the greatest benefit posctble to all the yoople eff ted by ieee - 


water use froa the system. irobless of Cofini tien | concera euch 
i rasat ons eattie meanine OF irrigation micea ions an: the quentities — 7 ' { 
of water which ony be diverted over short periods of tines Do the % 
allocations refer to concunptive use of water or to the actual diver- 


eiens to be carried out? If they ooan the former, then how is the legal 


duty of unter, cot at eighteen, inches for doliveries to tho farmors® 


headgaten, reconciled with diversions of over Mive tines that escunt$ din 


= IEEE, 


poeelaiitie medler! prajectslini recent éry years, and of twanty-four “ss 
inehes in the larper “t. ‘ary rojeet in wer: If they sean iter : tee 
aotially conmumed, as they vould ecsen to, chould not there be ae eae 3 
“etdpalations about efficient use of the resource? tudy of the my *| 
Alberta's ees allocation structure vas tested during the 1961 waters i 
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Shortare < on the Low ever ecorves to onphnal£e thooe priori tions 


Initially, steve towards water~yleld control should cope with | 
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reduction or eradication of tha deatructive effects of the preeont 
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eyatet.s Menagecont objectives thenselres differ fron arca ta ar = 
end will portially depend one the chencing relationship of Bade 
varlows Geaanés for water to press: aa end “future mp lusete Aa 
enslycis of probless cinmiler to that prepared by atin ron Dur: ford 
for hagion 2 of the United States forest Serica ees Wyoming 
Seater Nebrasia ana Besth Dakota) vould bo of the utmost value in 
atressing priorities for different areas.” vrobless relating to the 
elucidation of chkch objectives a Ascuceed below, chiefly in 
connosction with tho accomplichnes ae of the tastesn hockles Forest > 
vonassvation Board. u 

Beam of the more conesicrous resulta of mlieemansgesent» cr 
rather lack of minagecent, of enter resources in couthwestern Alberta, 
WatperloHatrizeds endl ercaphtepooals te etgu sicantay anolterated 
through the mutual internctions of werotative effects and. structural 
works. Levoro flooding has affected perts of the Oléesn basin Letecat 
tines during living monory, and d=acace wroucht by the Inst of these, - 
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in 1953, was estinated at a very conservative 41/2 cillica, 
atjacent State of entansa the Mood of Mayevune 1953, the nost 
aeetructive ever from the stencpoint of monstary loss, Cauced over 


38 1/2 millions of damage.” Thane eotinmates of flood losses ere 


3 wilms Nee and “UG. un ford, jrobles Analysis - hecton Re 
United States “orest “ervico, ocky “cuntain “orest and Gange xperiment 
»tation, vort collins, wolorado, 19:/. 3 
e Canata, Yepte of Northern Affairn and Jiutional NOGOUFCS Sy 
water ieeources Uranch, Floods in the Jouth acskatohevan idver torts 


195350 valomry. 1957, pe 19. (else. )e 
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confined alg ts to the more easily azoecced reculte evueh ao én 29 to 


Suara on end fleod con trol works i tetaren ‘readline Lines end weber 


Soe ay 


mropertye A fae more Penidotie appretest would Cake note ef eh 
depleted land and vaterctied values which pedieis roculted froa : i 
pisticunl (teeiatienae) a ian the low lites) ¢ hes been reokeced 

particularly wnotable throw:h past ctouse. : 
"esas water pee are at pree=nt. generally acequate for 
downstream use, peagonal distribution 13 conetimes poor, and sterace— 
will soon be essential in order to provide more auecabdle flew 


regizes. 49 a emi) ccale emople af this, in august, 1962, 7 


expensive pumping vas neccasary to supply Clareshols esd Grenus 
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Hien villow eek, their erratic watemsupnly CrUres, stepped 

flowinc. the ureck froze solid during Webruary, 1953, causing a 
Pee Pie Meath tee ee Ge etog e a e a Sr apl nae, Pollewing 
thin, the Uirector of the peek aie water lesourecs Dranch stated 


that a dan cesting 57U0,000. my be nilt ecross the Creek. This 


would provide important storage during the cuaser.” oO this ca5° 


watercourse, the 1953 fleod crest of almost 22,000 cefese. was about 


eixty tinoy the crest in 1949, a low flow yonre Low winter flows and 
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Loo=cover are an especial concern whenever rivers are’ required to 


9 


carry ile « asounta/of wastee” In all, tre eat yctwa cites have so fer 
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been recognided-tn the banin, affording almost 1,250.00 acre-feet of 


Y valinry .epald, tebruary ie 1% 5~ 

Ponont H_ 1 LeHesg and Hed. logge, Strean rollution and ite 
Control in Alber rta, Onc Oninox ADE JARO Vole 43, lide 6, June 1960, 
Ppe 57 ff. 
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exteting and potential storage, (ese Zable Se ihe ‘fusétion ‘of water 


{ ae » ehed rariayeneat t2 bot to oo econ aa ving ta epyoatticn to the | . —. 
: oa . _developasat of euch atcrare! factittes for two major reaconte Se 
‘Vontinuous eodimentatdon would lead to- -doplotien | of reservoir etorece ie | oe 3 
zi - eqyect thes end hich maintenance conta, end aloo, poisteseniicon trol = 
' works cannot prevent dostructs tive flood peaks end water shortages ae 
| frea affecting both watersheds theanelyes end upetrsss rural 8 
eater needs must be Smereed ‘in terna Meera kentiay soe as ee 
ctl ideas ir elective satlafactiGa isto be planned, | : . 
ec,ecially as otreanflow may prove to bb a major facter Vict thas 
future econeaic development in tha. ashatchowanesiicloon idver Lasine 
it is consequently imperntivo that there chould be an ee E » 
application of business methods and technical principles. —— = 
to the handling of all the remownble reeources in a 
waternhed to assure maxim cupplies of usable mter, 
desirable vaterflow, prevention end control of crosion, . 
5 end the reduction of flood and eedineat dasages 20 A -— 


7 
part of the watermlied of the Uldean iver eeeton has beet, ae stilt 


is, adsinistered by authorities whooo eatin objective for fanageaent 
E ie not waterniicd imrovenent., The saterton=Glacier International _ a 
 Vark 49 Govoted chiefly to recreational purpoceos, and the private 
lands of the foothills and plains are given over primarily to 
forcin,, und ranching. an tho latter, howovers provistoas have. been 
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Wwery urtit of and, however exll, ia part of a vaternhed. 


' . Wenge the manner in which the land is sanuged will inevitably have — 


-eone influence on stresaflow.’> Se aa to understond the baste upon 


which watershed managecent Lo to be carried cut ee ot Sas appsec ciation of | 
the water balance concept and the way in which it can be ap; lled to 
water resource development Lo desirable. ith reference to larger 
@rainage basins of tho type under ‘Mlecuscion, caine and lesces of saeeey 
can be conventently frunod within an elocentery wmter balance equstion, 
LeQe that precipitation equale evapotrans)irmtion (potential ovrapotrans= 
pairation einun 4 deficit) plus otreanflov. Turther, unless short pecteus 
of time are couciderod, the water gtorage factor can redsanably be 


eliminated. Theoretical water ylelds can then be commuted, aeuming 


that euffictent clinatie data is available. 


Some detalla of the relatlonshtps embodied in the balance oasrit 


attention before passin: on to exmmine how elecents of the equation can 


‘be purpose fully or adveroely modified. Vealing oainly with the areas of 


' forest end zence below the tinber line, euch rolations can be surmaricod 


into four Saba (a) interception of precipitation in the foliage and 
trenches of vogotation, Af present, (b) infiltrution and percolation of 


water into and throwh the coll, eurface runoff and water oterage, 
a Gc he he cate 
1 Jansen, Le ot Plog Sone Liantefoll.ecator Kelations tn u 
waterehed Hone: ~onments ited Statos pte -. of agriculture, circular No.910, 
vackinyton, L952_ pe 46. 
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fe) tremetrattad/ce use of est water’ by vecotattony eng 
(a) evaporatica Bt lcodaturelitece the cur 2 faces of vogotats ea ent the 
ous Al except the cocend of thees consti tute evapot eee vectons 
"an Leportent mace transfer fron gromd to atoresborey tie Fererce of : 
precipitation in the hydrologte eycle ah 
Preciipiteatson: may be interespted by vegetation and fevaporited! 

beck inte the atcosphers, dopendins in amount upon the nature of both 
the precipitation and the vegotative cover. Annunl interception losses 
from coniferous vegetation tend to be greater then those fron a dock éuoes 
cover, whilst dense prasces intercept mich peas Lex enounts than either of 
_theee. “any other warlables complicate this pattern, including the 
fect that enow 1s easier to intercept than rain end also that prectpte 
tation sivenetey Natast dmportant) determinant’ of. dnterce ption. Iai ted 
relevent experimentation involving eave cutting senercots that 
Antescepeiod represents a cubstantial loss from closely forested areas. —— 

Three things ean happen to the precipitation which evestially 
reaches the ground surface. It my evaporate, mm off or enter the eo) 
either for use by veootation or to become anvos vee in com variety of 
" lateral flow. Infiltration cares determine the apoed with which 
wator iver8 ce eotl, end if precipitation intensities are ovffioteatly 
great then runoff eat occur before storage capacities are filled. Taio, 
pay aloo cecumile Shoda on Gapicities are lov At’ sccs lew) within 


the roil. Unlike percolation, which 19 controlled by subsurface 
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2 Thornthwoaltes, Cove, and Joie Vather, Tho water Anlancs, 
umexol Institute of Technolocy, Imdb. of Clinatolouy, Publications in 
Clirmtolory, Vole fay thie 1, Centorton, Nodes 1955, Pe 15. 


NR SS et SE ne en a la A edt 
A ta 2 e - Seonnanenaeannbaetnememmeiemese-aemeececonc re ee EE 
: = ° soe nadine 


fe a bal eC ig mill naib Natta 
( feet are. eae 


RY Perea ieacto ie deat ett gan tte ‘ : ; A i : 2 Sarena aS 
st _-- head 
BASIN f ‘ een, : x o foe z 
: : ‘ x , i role AG Hits PIES pe am = 
{ : gt ie } Ris eae ea 
if : z pees rr hai 
= a ae . 
eet, \ 


7 


‘4p 6Gonditians, infiltration depends upesa the Lmeedtate soll eum tune. ithe: 


puzber and eize of penne alaey Sre-speces proseat. "sells hevineg 
 OmeS texture or of large axcregates, a ayer of eter eines ce | > 
_ the curfacc, tncoote and mull enimals Reece ant cis Geiy cna asnuat : 
roots of vegetation to sake spaces fer water movesent and ptorace nae 
high infiltration end percolation ratess'~ with tho ocourrence of 
precipitation intensities of five inches per hour (even for chort 
periods of tins) en shallow rect dual eolls in the foothtiin, the 


iaportensce of the vegstative cover in reducing rainfall ienast end 


maintaining eoll porosity decorves otressa. 

Infilteatioen may be linited by pone types of ecil frost, thus 
preventing collecolsture recharge and percolation during mncuethave 
Sometices, hovever, the ground te taleroaeel Sense th! Seep tasuntain sce: 
packs because of particularly larg: flovs of heat froa the crowd, 
together with the insulating effect of the enowpncks thencelves., The 
eoil’s overall permeability, in teres of ite infiltration and percolatica 

eapacitios, in a particularly iaportant detercineat of the dispoml of . + - 
precipitation into ourfnce, subeurfnce and basofloyv and the utiltzaticoa 
of storage, opace. eairable cubscurface flow, whother datoral or vertical, 
io largely deterained by a coll's noncapillery porosity ead the hydroulto 
gradient of the flowing watere ‘ e 

later entering the coil mass a the depth of plant Seine con 
achieve pore eaturaticn before renoval of dotention etorage reduces this 


7 ~ . en ner 
? United States ‘enate, Select Comzlttes on llational “ater _ 
Nerources, Dvapotroncyimation Neduction, water Resources Activities in. 


the United Staten, Comitteg »rint Oe. cl, sashington, 1960, pe 19. 
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to te field capaci ty. Tats occure whea further Ae by crertty . 


flow becoses neglictble and only water held in reteation storace eS 
% ae 
remina for use by eae until the wilting point ts reacied. Storacs |. oe 


’ potentinis vithtn cs ecdl ierend lecgety ne aay ere end ihe: 


Cclasets, and ales upen the acount of orpente ontter pressat Data —s 

by cele=an ene rotentica etorages per mes ec4 depth es being 

five tines sreater 4n Carey than in candy sree hone the forcer '’s 

adrentazes auy be offest by adverse infiiteatton qualities (sc© Table 6).” 

ovsver, actual ueability of sccenee Bp200 dapends upen aes 

and percolation values relative to precipd tation intensities and che 

asount of water already beins otcred. oe oes 
Insofar as they cannot’ occur independently oa vegetated areas, ee 

the complex preecsass of transpiration and ovsyeratin camot Teallstio=- 

ally be eeprratede? The trenapiration to eotd evaporation ratio depends 

over leng periods of time ujon the relative heat flow to the plest and 


the coil and the evailadility of water at thece ‘gurfacea, that ds upon 


_ the apacing aire und abape of the planto, the precipitation distributicn 


end the coil's capillary characteriatice. : These two procenses ere. 


markedly as fferant in sia area and copgree to which they create retention 


: Coleman, “she, 2odl surveying on <ildlands: the lroblea and 


me Solution, Journal, of Forestry, Vole 4G, Ie 10, oct. 195, 


5 vidn Lally Yewe (ede), Lrmpotrancpirationt Sxoerpta feos 
wplected Jeferencen, United States 29) t. Lay bo , of acriculture, Fore vervice 

Southern corest RGte Stone, Cecantonal raper Noel tl, 19536 117 pee ’ 
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Agricultural Lxpte ! Btieg Tichiyan State Univeraity, unter .ublication loe7, 
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oterase opportuntties: in the ect, noes, witle atfterences in trancrite 
ation fron areas. of differing veretative cover can be Lar ealy ascribed 


to differences in ecdl depth eceuptod by plint. roots. ! 


4 


Gne of the min difficulties in estimting tho water balance ea. ae 
part. of a watershed is that of determinin: the actual evapetrens apeticn 


looses. bith escumptions for storages capacities, At can be Ganpated? ca. 


a monthly basis by using an espirical epyronch to the determination of 
potential evapotransiration, euch as ‘that. éeacri bed by Thora tins ) 
and Hather, which combines eapirical cod fietents with tespesature and 
dayelength etal’ Use of more gortintioated methods, for exmaple the 


radiation balence, is precluded throush lack cf observational cata, 
A 


After naking allowancen for a variety of factors, eee used evorage 


monthly tenyerature recordings fron the cpares station noty cork in 
outlining a generalised picture of evupotranspiration on the 
Eastern Slopese” Taken with the distribution of precipitation, 
Approxinate unter ylelds wore determined for the pariod 1921-50 end 
: 

@ useful check with  procipitation of ovasotrens enspiration and also help 


toward establishing the moan precipitation over a waterahsde It 1a, 


ome - Cs + Ce 


6 Thornthwaite and jather, Ope Cite, Pre S7=104. 


———— 


a Theses inalude varyine ctoraye capacities, lack of etrees en 
detention otorage, varying plant rooting depths, low infiltratica mtss 


high precipitation intensitles, enownolt on frozen, uncaturated coll, use 


' of water by planto at varyin; rates and withdrawal of water by planto 
from the water table and ctroanne 


8 Layoocks hele wroclpitation and and treanflow in the /ountain 
and joothill »evion of tho “ankatchowan 1 iver r_ lined, Trairte Hrovinces 


water doard, Hoport to. G, Regina, 1957, fire 6 (ime. ) 


these have been extended to 1960. peony measurements provide) both - 
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unfortunately, not at yrepent pocatdle te caculute quunita tively for 

this area the day to day variates) inthe seluee of the detention end . 

reteaticn storage factora, but clanzes in ther ezount of wai er in theae ie 3 : s 

tvo pence can be rowshly estizated in rolation. to evcconsful reine — 7 vas 

inprovesent in the basin which, ac noted, reyresents the aain direction . | : Sie 

in which watersotd improvencat priori thes Ye. : : e 
By 4 a varioty of methods it fa t eae Ceca cose to chanee 

“the aagnitote of elements in the water balance at any particular point : 


on a » oither unintentionally er with come purpose euch as 


elds or tines and azounts of ntreanflow marizas ae 
ulation of the wigetative cover has Leena eeonnisel yvecacied in the 

United States with tiece latter objectives in view, and must be considered, 
Pcniatteration on ths ocadttion er-type of actl, the cuier Sechet ay 


9 ng to controlling the 


Waich the balance cin be puryovofully chanyods 
precipitation factor, "Much recearch into the fundarentals of cloud phycies 
and foraation of min and fielu tests sust be cuncucted under candtions 
of good etientiMic ceuiyn and enerisental controls before dsfinito con 
Clustons can be reached as to wheter rein and mow can be ineaced 
artificially 4n eufficient quantity to be of such valuo Pecan eb ce 


y 


9 The Mecvemeye“cllary ‘crest Resoarch Act (1928) marked the bogin= mae 
niny of resoarch into the controversial subject of forest influsnces oa 
otreazflow, which had provoked such heated discussion curing tho pansare 
of the -wooks Low in 1911. For uveful dbiblinyeaphies of nanographs vito 
United States lepte cf essison: Foreat Service, Forest and Ras uo: 


infinences 11 subdlientlons, 190721999, sachingtons 1960, Lo Pye, and Cndorhtlt, 
Neveg LOport “of the EO of a Coange in Verotation on the mmoff Cinrs a . 


teristics of yf Alborts SEFORASs plvortay Japte of Nericulture, water 
pata a 
feeources ranch, -alz ary, 12, 57 PDs 


10 United States cunate, nelect Committee on huational rater 
Kegources, J/oather Kodi rs cations unter iesourcea Activities in the tnited 


fear ns pany TT aE 


stated, Comalttoe irint ioe c2, »% oohingtoa ap pe 3e 
ie ‘ $ 


ie : »- $ A s ae 


ye ee 


The pasos oliective uA ees area es atudy is currently to 
reas yheldo, jresusably relative to ceaconal ee and quality y 
j aaa 


Se anoeat patterns, rather than alinjlo HERS of flove aoe 


vverall burnin: would Medios the hi hest ionodtate water yielde- 


but the reeultin: resins and pipe effects of surface runoff would be 


intolernblo.  uwther, as cn the ca jorht cy of "western vatorshedr, other 


crortant activities such: ap timber, (oleee Widitfe ond recreation 


‘mist be taken into account, .ogether with the ricing demands fer com 
of these uses. In other areas, uaterton Rational Parks for exmeplo, 


» Sees 
_institutienal arrancvezents are much that large scale veyotative rand pue 


lation would be tncdeyatiblo with tie stated sunajesent objectives. — 
All thene provisions sust be apyrociated in the over-all ne of 
aotion in tho individual river basins. 


hunoft can be dolayoJ froa cnowpack sone forests and lover range 


‘lbndo, thouh wery sufficient downstreaa storage available it vould be ~ 


ex,ected that stress would devolve won the highest yields of good 


quality vater poealble without deletertous effects. flash floods end © 


uajor sustained flood flows ean both be modi fled by watersiied managenent 


practices. High intenalty rainstorm or rapid snow releace, even whea 


atorage is available, cin cause deatructive overland flow.which can be 


‘checked by building wp a plant and litter cover of maxteun density asd 


dewolo;Any a oil of hivhest porosity. his curtails surface runoff, 


Lind 


’ maximizes evapotranspiration losses (maintaining large storage Opportun= 


’ : he 
ities), decreases erosion and sedimentation and ,revents Chavo 


phoaliny. ‘The large dincharges over longer periods of tine deriving 


eoecially froa back-ranie mownelt and continuous precipitation can . — 
J — ” ’ 4 ier x 
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' aloo be mitdoated by improving infiltration and detention etorare | 


capacities. A Gense forest cover aids in delaying snowmelt and koop= 


flood hetnr 

with different Bilectives in vec. Ganavenent of the plant 
Cover ets gut water lessees by reducin,; interce tion: evaporation and 
tranapiration af water fron éénsely vegetated areas through partial 
‘poncrval of (recaland joe thelr replacesent with challoeer rooting | 
especies. Fercarch eaepaete that SL abet c2n be geared toenrd 


Sfudcurm snow accutulation, ainicus Mntecosntion and evaporation of - 


_ procipitation and retarded enowzelt, and ales that these treatseats 


are not incompatible with the alvs of good tinber =enagesent. It 
“should be emphasize! that application of watershed managenent principles 
need not require extrene henselae lendeuce or drastic adjustsents in 


AD 


tinder, forage and wildlife Panarenent practices. + a 
Controlled burning aicht conceivably have a nines in manage 
eens yield increapos, thowh aumnented streas“lovs froa the move 
gers mone should be esen in terco of sclective cover reooval and Erecton 
BUbEUiertioie) Roparaing tle first of these. forest developaent to | 
reduce interce; tion, evayoration and transpiratioa loesss could utilise 
tec! niques of strip and ,atch cutting, thouch the effects of bapdd 
revrowth would require attention. Yields aiyht also be inetoaned by. 
~ the Miner itu tian of ahallow-for dooperooted apecies, civing increaces 
equal to the difference of the Dohh ag otorage capacity reoaining 


NN 
unuped. In all, careful veretativo cunagenent of the nature gnowpack 


forest on the dover poll ty,ca mi ht increase yields by alzost 
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four iaches, or coms twenty per Cent.) Increnenta of the erter of eight = > 


. inches eould ececrue fren reneval of scattered phreatophytic growth in 


poae southern lowland locations, though as in enowpnck forest sanacccent, 
the full consequences of eny ection must bo apreciated before it ts - 
carried cut.’ jotentialities for inproved quantity, quality fe ies es 
charecteriatics are dincuesed for. the respective Classes of surface 
natertals in Chapter IY. | | 2 

- however, tlc compaction of the soll eurfeace which is ee ees 
with im royer uso of forest and ranse resources tends to reduce infiltra=- 
tion oupncities, increace soll densitios and reduce etcraze potentials 
above end in the soil aantle«, Toaened surface runoff a:min leads te- 
potimentation from accelerated eurfaco erocion, while ,- ally cevelopeent 
drains avay underground stored waters Clearcatttas o: timber also 
piimilateal overland’ flow. though the effect of increasing water yielde 
would ve partially offeet by greater ovaperation leases and use of water 
by the remaining ground vegetation. Soils become mprotected frea : | 
ante ettn iiceation 4s) deerdaccd end encemelt quiskenas ©, 
Jarage oy fire procuces very aicilar results to thooe of clearcutting, 
with tne added factor of destruction to on inyortant litter cover. In 


cootease: crown fires in areas of heavy movwfall oight lead to ayprooe 


= 


fable increaces in crow storngo. The offecte of grazing eotivities on: 
the water-relationships of rangelands chiefly depend uyon the degree of 
forage uoy which in permitted. iarticularly hoavy utilization de . 


mascclated with reduced root growth and decreased availability of 


retention stornyo. it.coo already low atorace neces aay be only 
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GEOGRAPHICAL BASES FOR W. 
RESOURCE PATTERNS 


The Oldman River end ite tributartes drain a grees area 
of approximately 9,705 equare miles, bars of which lies within the . Be zi 


1 to the couth, the basin is defined by the 


Province of Alberta. 
_ Oldsan-Milk watershed end aleo by a considerable erea of internal _ ; 
drainage east of the ‘Ml Uver Udge, pater the two rivors. | 

There, part of the mmoff flows into stirling, Tyrrell end Verdiceis 

lakes, and aleo throuch Utaikoa Coulee to Pakovid Lakes Northwards, 

a divide coparates the Claman Miver basin froa that of the Bow, with 

_Which latter river the OCldmwan unites to fora the South Saekntcheran 


at The crand Forks. < : | en 


: The "effective droiuage area” is of the order of 8,110 equare nN 
tles. Vide Stichlin:;, We, and S.R. Riackreli, irainaso Arca as a 
lydrolopic Fnotor on the Glactated Cenadion Irairios, Int. Acsos, of : 


Sei. Uydrology, General Assembly, Rome, Vole 5, Gonthrugra, Medes, ; “at 
Pre 3650376. Durrant and Wnclroll dofine the effective crsinnce area” Sagat 


as “that arca which might cencelvably contribute to peak iiow in an 
average runoff year", ond the ss croinore areca as "that area 

caciees erthin tte 2 divide (het cht of land within watersheds) rhich- 

would, through satural and artificial procecoes, entirely contribute 

to tho flood peak under extremely wot cenditicns". (Tho Mamituds end 
Frequency of Floods in Alberta, Sankatchovan end Manitoba, Canada, ; 

J efue Hetheg hyadroLocy Division, Kegina re 1951, apy 
The discropensy is Beveriain notable in tho eastern part of tho basin, 
with its flat topography, many dopreasicns, and poorly defined sites 
chennels. 


De Reis : - 


An analysis of the source areas of stresnfloy in the 


Oldsan River for 1948-49, a relatively dry ye effective 


Darainiceelancemponkthe (lainel vere asall.(ilusteats te cienifiee 
ance of the mountain and foothill portions of the (eee Table 7). 

| Conprising-mmder forty per ceat of the Aeeait aoeat ained by the 

Cldman system, the lands above four thousand feet in elevation 

ewplied all but three per cent of the’ total etieenfloy of about © mao 

two million acre-feet. Yetween then, the Eastern pecties Ferest 

eer onilisar die cooescaat Force? Boserve andithe Natertcc 

Glacier Internutional Peace Park, just over one fifth of the barin's 

area, eccounted for over ninety per cent of the total streanfleyw. 

In view of the potential requirezents fron the Cléman River Drainase 

system, the aiimificance of the "Eastern Slopes" as far as the 

provision of reliable water eupplies is concerned, Poe eo parcat: 


THE CRCLOGICAL FRA! EwORK Cr THE 
= ‘ ELST... SLCPES ‘ 
Interacting with tie various structural units and their - - 


different qualities, processes of weathering and erosion hare helped 


to produce the present complex pattern of landforms. Taking into 
account significant areal di fferenceo/in in climte, eurfoce materials, 
and eee colony a teutative Dipti of the existin, water Lalance can 
be gained, a necessary preliminury to any useful watershed research 
and ite eventual application in watershed aanipulation to i=prove 


etreanflow. Same is especially concerned with the Crowsnest 
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ee Forest Reearve, giving coxa -perapeetive to toe pans eae potwa tial! ox 
developscats outlined in Chapters VII, VIII end IX | 
‘Tho nerthern Rocky Mountains, which extend from veteran 
Mentena northyerds inte Canada, consist Be mieecene peeccdnaatig) 
eedinentary rockn deforned by e complex systen.of folds and fnaltas? 
Precanbrian Beltien eodincateries, including thick linestens 
forsale! ure) exposed inthe levis rust ghost of aoutiwestern -, 
Alberta.? Deciaively tnecnformable beneath Médle Casbrian 
forest li ferous formations, they 'wedze out easteards betwsen the 
crystalline pre-Beltian banenent end the mlogeceynelinal Palecssde 
and Mecozole rocks which reach a classe development in the latitude 
of Henff.” Stronsly deformed during the Laractde oreceny end the 
disturbances that preceded it, these last aes bounded on the east by 
a foreland which received Cretaccous and Paleocene deposits, and 
| Which ens warped downwards into the Alberta Syncline. Unlike the 
_eouthern Rocky Neuntains, the two are separated by an intensely 


Coformed "footh4ll" belt, and also the older cedinentary rocks have 


. Vidq Southern iocky Hountains of Canada. Tectonics Compile 
ation Map in Alberta, Society of Fotrol. Geologists, Guide Book, 
fourth Annual eld Conforoncus Von ff-GoldoneRadiun,s 1954 and KingsP Bey 
The Lvolution of North Arorica, Princoton University Prees, 1959, ~ 
bbe 57 end 172 ff. a 


3 ? Guasow, \.Cee Precambrian and Cacbrian Geology 6f Southern” 
Alberta, Alberta Socioty of Petrol. Geologists, Guide Book, Seventh 
Annual Floeld Conference, “aterton, 1957, pe 106 


& 
: Clark, L.}., Geology of !tocky Nountains Front Ranges near 

; p Bow River, Albertu, Amore. ADBOC Potrole Goole Pulle, Vole 33, Nook, : 
1949, PPe 614—633. : Re 
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been carried castards over Jounger bode £ for emg silee along lone, 
penance thrust faults.” ‘The fourth Eien ecruccurel feature 
wnderlying the Cldzen river basin, with the Rocky Mountains, tie = 
“foothtlis" and the Alberta Syncline, te the Svectcress Achy & s 
part of the bara etable depoct tional arca between the Willdsten 
basin and the as Mountain Coosynelinal Bolt voieh was upvarped 
in the 7 nertiaryec Like the whole ecertes of ancaalous structures of 
whien the arch is the northern=oct, At wos chiefly precuced as a 
reeult of uplift and igneous intruitens (eee Chapter VI. 

the eastern Slopes of southewnnterm Alberta, auiialicinetaly 
the area above an elevation of four thouceand feet, can Le divided 
into two structural subdivirions, the general Crovenest cection end: 
the Lewis Thrust area in the south. The former contains fire 


"front rangos"',’ 


the firet ot wuich io underlein by the folded, low 
angle iivingstone thrust fault which replaces the McConnell fault 
pouth of the iiighwood River. ALL of their underlying feults plunge 
‘eouthwards, exposing gradually younger strata. In the latituds of the 


suse ituelf, the more easterly front ranges resenble the foothills in 


4 fIphag A.5e_9 Tectonic Mistory of North Central Keatann, Billings 
deol. SoCo, Guidebook, Sixth Annual Field Conference, Swoeterass Arch © 
t, vontann, CoptelIZ59 Pre Lxo=157. ; 


6 (GLLBg “ere he owooternanms .reh area = Southern Alberta, 
Alberta Soc. of Petrol. Joolocists, 1957, ope Cite, ppe 275s 


é North, F.X., and 6.G.L. Henderson, Suzmry of the Geology of 
the Southern wocky Vountains of conada, = rta soc. of retrol. 


Geologists, 1954, op. cite, ppe 20-25. 
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etre ane end have lest much of their elevations Ietervetming 


Meesaste rocks become recariahly widee 
Three mijor etraticgraphic Ereups are represeated in this 
northern area. ~Recietant lirestenes and cAlicceus chales. fron the — 


Upper Devonian and Macteetppten make me evch ridges. as the Seach 


and Livingstone Ranges, both rising over coven thoneand feet abore 


sea-level. Lover Cretaceous rocks extend esuth to the Crevanset Pass 


area, expored in a belt along the Livingsthns fault. Coapact chales, 
hard gandstones and finely cemented eonricasreten: they are sare 
rPeaistant than the Upper Cretaceous group. Thirdly, the Upper | 
Gretaceous end Tertiary outcrop chiefly in the foothills end plains, 
but are over-ridden by Miectectppien strata along the length of the 
Ut ACI tah coarsest section. They comprise soft shales, 
alightly conpacted argilleaceous eandstones and tsseely cenented 

oe oema ee The dlepocition of exndstone parent materials on the 
foothil} r1acee is ecyoctally important regarding the ‘formation of 


residual eels there. ~ 
In Satertad National Park and the eouthern Castle District of 


the Crovenest Yorest there are none of the renges typifying the eub= 


4 


parallel structure of the front rences farther north, owing to 
comparatively low dips and strongly moorked roldings® Thore, hard 
compact Pre-cambrian quartsites, chales, slates and limestones ‘le 


upon the Upper Cretaceous of the Disturbed Belt along the Lewis 


qrabevon utd eA eet Tt 
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Common to both eubeaielplons: a3 eltuated betunen the front 
ranges ana the rida the intensely folded and leaaitea Hegozoie 
rocks of the “Tasturbed Belt" cccupy a ‘nortti-westerly trending - 
atrip moms ten to treaty miles wide.” The ote part of the 
Baveiann ClepAlnerten iasctioniof® the (Gléam Rver hacia wiocke like 
a great enlargeozent of the pleins, end with the exception ef a 
snl atrip loos to the eowtatne, bao a relief of caly 150 to 400 
feet" 2° For a diatance of about itveat pe tive rdhles north from the 
Uiaceres tensions astiuntrdkenyalopeesteran frca/the pleine to 
the base of the mountains. The "foothills" variety of strusture is 
present under these "rolling plains" which denive fros extensive 
erosion of the Levis overthrust. 

Ferther north, across tho Clé=en River, the Porcupine Mills 
are ecparated fron the :oothills by the broad, eubecquent valley 
Row occupied by the Oldman River, Callua Creek, Benner Creek and 
the chain Lakes. Although structurally a part of the Alhesta Plains, 
the Hills are Rorimlatentively in the Crowmost Forest Beoorve, and 
their vatershed qualities justify their inclusion in the "Eastern . 
Slopes". They were formed by atvanced erosion of the fine-grained 
eandstones and interbedded atlas Clays of the Pnleocene Forcupine a 
Mle formation within the Alberta syncline. Rising in places over 3 


two thousand feet above the plains to the east, the woll-diessoted 


9 Stewart, J.S., Goolory of the Linturbed Bolt of Southvostern © 
Alberta, Canada, Dopte of Minos and Technical Surveys, Geol. Survey 
of Cana tiga? Memoir lo. 2535 Ottara, 19R,. pPe eS. 
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iW1lle average in elevation froa 4,000 to 5,600 feat above eo 


level oF aaa the Disturbed Belt bet twoen rosin 9 
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GHONT RPOIC PROCESS SES 

Swanary of the various eradational processes operative on the. 
Eastern Slopes ean be orgnnized into three periods: pre=Pletstocene, 
Pleistocene, ra Recont,» ris makine a Catinctive Conte warten to 
the present pattern of polygenetic landforas, with their verying 
watershec properties. The mijor phystograpite divietons, whose 
structural Manes cone described above, derive: from pre-glacial erosion 
of the variously uplifted bedrock ae chiefly by water action and 
gravity. ‘ajor longitudinal valleys became established alenz lines 


of softer rocks and structural wealmess, cuttin: transversely through 


ridges via narrow, steep-sided gaps. “here present, the regolith 


was docinantly residual. ; 

Appreéiablé chunges tock nines os a result of differing degrees 
of glaciation by glaciers of local origin, from Laurentides ice and 
also by eastwards flowin: masses the west of the Continental. 
Avide. with increaring distance to the east, towards the front range 
of foothills=-plains transition, the time and intenality of glacial 
acticn gradually decreased, with most "glocinl" forms, both erosional 
and Mepoelel onal bein): well developed in some part of the areas A 


network of glaciers fron the Cordilleran Glacier Coaplex~ occupied: 


u 
and Bou teu sbatn Seankatchevan, Chinnda Depte of nos, Geological 
Surwoy,. Vttawa, 1950, ps 62. N 


oe s 
ne PUint, ies, stilactal scolory and the Plotstocene Lpoch, 
wiley, lew York, 197, Pre by ord ff. i 


willtams, M4eY$, and 32:2. Dyer, sooloyy of Southern Alberta 
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eo oa middle and lewer Blanes of the ese meetainas j 
reaching thetr mixicun extent in either the firat cr gooeks reclenel 
glaciation (lebrasian or Kancan)s\ Laureates Lee probably arrived 

when the Bcd ee was already Pecreattnes and their reepoctive 

depostte are hardly intervorked at all.*” Conaiaerabie overlap 


occurred, especially in the hicher "foothills", vhero Leurontide ‘ee . 


orc reached elevations over five thousand feot above comlevele Ths. 
Porcupine Hills, which prevented Coréilleran tee froa edvencing east- 


wards, are covered on their eastern flanks with Laurentids till, 
though, as in the mountain renyes, hish areas ponatned unglactated 
Gove ene! hilitant glacier gumtace a thkee was limited ccatact between 
the two casces in the last (sleconsin) advunce in the Din Butte~ 
Pea INE WISER ISGHICE | aid inary orevlouels, civered axeas vecmdied 
i untouched. 

By gouging and plucking, ice helped to change the narrow, 
incised valleys of the back-ranges into wide Uschaped troughs, and 
erosion of valley head wallo formed corries below the eharp—crested 
ridgoae Slopes wore undercut and oteepened, becoming more eonnenteated 
than in the pre-glactal landscape. Valley gradients becane irremlar, 
and in poe sah the contemporary and later action of other agents was 
markedly accelerated. Large anounts of glacial, glacio-fluvial and 


ae Stalhor, A. eS., Senme Features of the Surfictal Geolocy 


199575 Op. Gite, ppe 52-63 and Descriptive Notes, Map No. 2119509 


Geolozy of Alborta %olle, ieoearch Councdl of Jborta, Report No. 34, 
1943, Ppe G0~1 46. 
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of the fort ‘acleod Region of Alberta, Alberta Soc. of retrol, scologista, 


fort Yacleod (Surfictal Geology), Canada, Dept. of inca and Technical ° 
Survey, Goole Survoy of Canada, 195% and Allan, J.A., Goology, Part III, 
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glactontacuotetne eatertal. wore deport tod turing this perlod, with. 


% elgatttcant consequences for the watershed charsctertaties of the | 


areas atl lie quite"tzep in the broad, fiat valleys, end have been 


mibjected to rae aeerean of porting and reworking mince ‘deglaciation. 


Intenal Med erieinetay processes just below the lintts of permanent — 
enoy veyé recpracthe for the oo colluvial slopes of Conroy 
enrular Bead of bedrock and wax face ratertals, Extrecss of: 
drainage condi tions were sae thous storage capacities vere 


improved by tho abimdont ari tt and colluvtal catorlals doseribed Meu 


below. 


In the short portod ‘since glaciation, the docinantly "glacial" 


forna have been codified, especially through’ water action. Large 
quantities of ¢rift have been washed dow into the valleys, where the 
irregular gradicnts have premoted an alternation of erosion end, 
Geporition along the stream courses. flood=plains were built up and 
rivers became deeply incised oving to decteacsd ‘loads, increased - 

pe sec pes or chaning bere-levals, and od oes several levels 
of terraces, as alon, the lower Carbondale. Fann were! created at 

the outlete of steeply flowing tributaries. cones) alirrial materials 
60 dopoaited have, for example, partially blocked the maln-streaon of 
the North fork of the orywood Aver, wind action may have been 

eimai fieant 4n moving myprotected sands and allte of terraces, and 
tageoek deocribes what appears to be an ofolian cap over fine alluvius 


om one of the nore prominent terraces of the Lower Castle, about a 


mile north of the Castle Ranyer station?" 


I Laycock, A.He, Report of tho voll and satermhed Survey for 


the Summer of 5 Cag tern TEP Forest Conservation Board, 
calgary.» LIS 3. 22. 


Leo Jadeatyeh ein Ginny cn tinge! ie cowie stoner a Satenies 
huomconting. to tbat GAY waled Sank, becheseny: teal tony Rati beaseal, FER 

oor co woontn cabin Valine ddan tt we of ; 

Yo wesrutes sabi acini dee atoestin’ te Crean walenat: — 


shee 2! ree arte erat acetone, amen an saivae® Winslet 
a nt A en 0 a 
2 : | me aviodad, : i 
stasentar iain reniity it lis es cbt 
rye ockina sites 'ingabiee izaleise inition eet end emi 7 
act eras pepe oid odsih aiab bide’ abet wrod FED 26 ante lomeny en 


how sotnerce Yo Arnie iS ap betieen, pret -atenthors wlepegel a! eee 

ae qe shia how citha geet: \aaeties annate oth gente ante leogen 
tama: gaan Cemgeneat oe Saeteiotieelom yest stamed weet 
alewel Lewes a oe ebirelaeged pabeeds 6 wationrchs ee 

de tetenre wens il aceite) emma okt yaa armed 6 ae | 
wlatveces SaPvol te writ asntetes gue rt wavale, 16 erelrue wd) at © 
Le aecetearion 91 teametd ghetto) oper mi .emme Datnades oo 7 eg 
eons ent om, emteam Sg Ggepels LOOT. ear Yo amet Arm ad ll ex | 

fae evnrrant' to eicto fe. iene beteetnge aatved ef Maat Aa te oo iZ 

. metmtle 9 wen sn soe SE nn NE Mee ae 


= ee eee nee 


Hyd taly ten 


} meet 
‘ 
ee anal 
—w 


“Dreaktown. by weathering of badrock. and tronsported aaterlala © 


has been relatively alow, much of the regolith present being of 
depoet tional eiing Little peeieet reeolith hos been formed frea 


underlying ‘bedrock. Most of this occurs: ea the softer rocks to 


| 


- the east, for on the exposed vostern ranges, water erostcen and mss 


_Govesent aleost balance the weathering processes of mecheanteal 


dieintegration of porous, highly fractured bedrock and the limited 
chemical decomposition operative in the cool, dry rock exrironsente 


/ 


of thoes ranges. : . ne - 
PROSIPTPATION | 
(wing to the sparaity of netecrolosical instrusentation on 
the castern ‘lopes, only tentative patterns of precipitation and 
other climatic elements can be discerned, and incirect methods of | 
estimation (for exmmile, by using otreanflov data) are at precent - 
determinants of only general differences anongst areas. The use of 


expirical paransters, such as elevation, aspect and expoeure to partio= 


ular etorm tracks, and any antisfactory multiple correlation analysis 


“ere prohibited by lack of observaticns. ‘ 


There 1s a conaldernble variation in local climntes, partially. 
cauped by the configuration of the terrain and aspect, with q marked 
trend towards increase in precipitation with increasing altitude. Pre= 


cipitation totaln ore groatest in the western ranses, which receive 


ee 


over fifty inches per year on average, ond over oceventy inches 


some parte of the Continental Divide. The eastern _Blope, of the 


frent range and ‘the Low foothills aed ebout thirty ‘dnches, vhile 


Polatively low cals are-found in inter-comtein valley locations 


northwards from Colorado) cen bring relatively high intensity etorns 


and on the Plains. Cole=an, toe exmsple, reneites en average under 
twenty inches annual ieee e ons and Covley, on the pladins= foothills 


% 


| ; sai ‘ 


In ity yeors ere are SEE e st departures ‘froa normal 
prectpltatton ta et Leiat one eeama end in at Yeast eovgrat yarte | Gs 
of the arpa. “Mild and coderately moist maritime Pacific air is et 
dominant, and is subjected to erographic, cyoolente and’ convectional | | 
disturbance. Storna are frequent, but ere light end enly of short 
dusation. Infrequent incursions of mritice tropieal air in late 


epring and ewer from the east (associated with lows alowly roving 


to the plains, foothills and front ranges, but not the western ranges, 
wnere "apill-over" movfall from acific air aapoes eccounts for the 
large precipitation totals. Rainfall tends to be modorately. frequent, 
usually Liht ané of chort duration, on the enstern nlopes of the 
front ranze and on the borcupine liills. It can, however, be very 
heavy, as it was in June, 1953, when the lipht vegetative cover was 
inadequate to protect the poll murface. 


Precipitation in winter between Cctober and Nay exoseds a “a 


\ 


eurmer rainfall in the wostern areas, thous farther eastwards the 


a7 kostern Rocktlos Forest Conservation Beard, Compilation Data 
from Mee een ie Caurzese Crowment forest, (unpublished DB.) 
ts areal variations in meon annual precipitation froa 18.8 to 47.4 
inches, though thore figures aro of quoationable vali dity. They should ; 
be interpreted regarding site, expocure, gauge efficlency, otc. 
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ie ¢ es ‘ : : 
ee foothills have greater eying end ever ent lees pee 
fener SL ee Ogiivie considers the vinter. masons 
ewer cinta regine as one ey arethe: Subalyine Ferest 
aresg to which he assiens precipitation totals verying from twenty . ‘ 
to thirty-five inches.” : winter precipitation totals in the Saat 
D roreat (Reosrve are enoag the highest rected din the Bastora Sey y 
Forest Conservation Tcard sare.) Elevation fer eistatioa: the : on 


southern pert of the Reserve has about five inches more winter 
precipitation than the forests to the north of the Crovenest Paes. 
The plains receive their precipitation almost entirely as rain, end 
ine of maxim varies with latitude, being greatest in May to early 
iil in the eouth, and increasingly alightly later farther nerth. 
persicae? voather disturbances include coldefrent cyclenic gions 
el mans noe ce 


passage of 51d lows” in summertize. 


: VDULTATIVE COVER 
The distribution of species of vegetation in eouth-vestern 

Alberta exiibite great areal variations conrsquent upon differences 

in teaperature, precipitation, elevation, soll-type, aspect, expoeure, 


Crainage, otCe, aid aled tnrough euch agencies as ineccts, iecnes’ 


f ae fire, competition and use. Forest associations ore widespread in 


the western part of the Oldman ver banin, where species froa two 
grooas Ai otri bution patterns, boreal end tramontane, are found.” 
1 Ogilvie, KT, Spruce iabitat Types in the Lantern Slopes of 
theskee Rocky Mountains, Canada, Dept. of Northern Affaire and National 
Resources, “orestry Dranch, lerest keeoarch Diviaton, Calenry, 1961. 


Re Iderie, “Notes on ?’lant sintribution in the xocky Mountains 


of \lberta, Conadsen Journal of botany, Vole 40, 1962, p- 1091.° 


. 


ee i 


“Dwo tinbder-lines are present, a lower one resulting. fros perledie- 
! 


noisture deficits located Tene along ihe Forest Eecerve 8 


eastetn | boundary, and a Upper one Cue to low texyeratures at about 
eight thousand feet above eoa-levol. 7 
The subalpine Ferect,”> watch 4s the most exteacive forest 
type in the basin, 1s predominantly ceapoced of the hytetd Plleen planes 
XP. engolmannt, with eoze pure Be glency (thite eprecs) populations 


in the valley bottecs end a few pure P. Game Tnntet (Encoleenn epruce) = 


as anne 


at higher elevations. Lodcspole pine (Pinus contecta) te probably 


the most abundant end widely distrtbuted species, areas present as 

en overedense oubclinax following burnin. The opruce occurs “chiefly 
in second=growth, ueven aced stands on glacial till deposits, and 
meo;ting the few exall areas of virgin tinber, Cormack would loosely - 


Clanaify the Lantern Slope forest lands into three categories! recent, 


at a ; . 
intermedinte and old burns. ? -whdlst Mess stresses the cexplexity 


‘ 


and instability of both lodgepole pine and ees ‘fir (Ables lantocarpa) 
eliatieats Cormack agrees with Biecsers in ontlining a aimple, 
Brectttranattecal bird "ts class= It 4s estianted that for the 

A 


Row0, Jose, Foront Rorions of Conaty, Canada, Dept. of 
Northern Affairs ond llational Resources, forestry Erect Bulletin Noe: 23, 
Ottawa, 1959. De be 


= Cormack, R.GeHee A Survey of Coniferous Trerest Sucee in 
the Lastern hockies, sorestry Chronicle, Vole 29, lide 3, Septsl1955, pe2l9. 


20 ons, Selle, Tho Vegetation of Alberta, Botantoal Roview, ’ 
Vole 21, Noe 9, Move 1955, ppe 493567. 

a Bloomberg, WeJeg Fire and Spruce, forestry Chronicle, 
Vol. 26, NOe 2e June 1950, DPPe 157-161. 


e2 Cormecks, Ope Cites Pre 2188272 ond Spruce-'ir Climax .: 
YVeyetation in Southwestern Alberta, Forestry Chronicle, Vole 32, 19:65 pewde © 


_ three Forest Reserves, at least 516 equare itles of the forected 


area han been burned rte least ence by wild fires mince 1920, 


leaving thousands of acres of young pine with virtually no large 


etanaale of eaturing epruce, the one important cosmercial forest 
epecies (eee tables 8 ant 9.°7 the frequeat, intence fires have — = 
led to exposure of etnoral soils, and pleecuent regeneration ia°~ 


both these and cut-over areas has been quite poor (ese Chapter VII). 


Wotdng that the rate of eucces:den varies with the abundance and eo 
vigour of the climax epectes, Dorton states that succeanion fron 
fire in the subalpine forest wis found to be complete in about three 
centuries on average." - : : 
In hie clasciMecation of eprucs habitat tyes in the Eastern 
Slopes area, Ogilvie'’s eix eouthern associations are otinet fron 
those farther nerth across the divide between the iighvood end 
ee Rivers. As to why over one hrndssed plant epectes extend) 
into Alberta only in this area, he euggests that the inland extension — 


of maritine conditions is the dominant facter, notably a more 


pronounced eumser-try winter-vet precipitation regime, mlichtly higher 


total precipitation and somewhat milder texperatures.-? At higher 
; Wa 


ee) Flemming, ".Jeg A_ioport on the Forest Inventory. for the 
gorent Survey of wontern kockios “orest Conservation Board, calgary, 
1955-6 pe 3) unpublished CDelse 


lyin) 


si Horton, Kewe, The eolozy of Lodcepole bing in Alberta, 
Canadas, Dept. of Northern affairs and National Resources, Yorestry 
branch, Cea Rescarch Uvielon, Technical Noto Nce 45, 195, pe 28. 


2 Cgtivie, 1962, Ope Cite, Pe 1094 and Spruce ‘abd tat Types 
jn_the Lastern slopes of the icky Mountains Na Albortn, Canada, Dopt.of 
Northern Affaire and liational Rocources, forestry branch, Forest kessareh 


DAvieton, Calemry, 1961, €5 pp. (unpublished interim report). 
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Forest clans 


Area 


ee I IOC LOY 


oR 


accessible areas" on 2 aiek 
Softwood, Derchantablles ‘ A7o4 
youn: \growth | 27309 / 
Hixedwood, werohantable? bey 
youn, growth ‘ Ged . 'e 
rardwood, merchnntable e's > 
youn, growth ped 
total pro.vuctive 59205 
' Votal nun-;rocuctive! 2323 
Inacceenible areas : W502 a 
to ftwood, merchantable V1 5e4 
youn th- ey 
Tota) procuctive aeT + < ce 
Total non=provuctive ably] ‘ 
TUTAL AWcA 1 geod 
oe ee ea cleat SS eee aane 
 ourcet rlemcin,, «ede, § ‘eport on the torent Inventory for 
tine torent urvay of astern ‘ocl inn rorvo! Conpervation board, Calupry, 
155, «Appencix IV. (a) 411] area unver 6X0 feot in elevation. 
(v0) Coniferoun standa with an averu.-0 Uebehe of 4 inches or better, and 
an avere,,e hei;ht of * feet or mores 7) ;er cent or pore of the vwoluns 
is in woft won, (¢) (ver 25 ,er cont of ach harvwooum and uo ftwooube 
(a) Forent. incasable of yielding prouets otber than fuel decaune of d 
adverts cite includiny alow growin, , Gwar £ o! stunted forento, an well : 
Op rel. areus, mare, otc. th 
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Species 4 = 10 inches - ’ Cyer 10 inches — 
“pruce 3 41.3 196.4 
lLoccepole ,ine _ 117.6 ates Fi SSPE “ 
Alpine ir 2.3% 5 (SE 
wu gles Pir Se?- is : 2409 5 S 
Cther Softwoods Od | Zo 
larcwoous” 166 . Oel 
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Soureet Flersidne, seg «© port or the ioreet Inventory fer 


te crest .arvey of -antern -ockiee foreet Ccnpervation soard, Calerry, : 

1955, Appenedix IV. (a) Volume figuree baned on Field Surveys 1949953. meet ee 
(bo) Chiefly poplar. accessitie stunue over GOOU feet in elevation 

mi.ht increase the eaw tinber revource in tie whole forest Kaserve by 

as cmch an 25 jer cent. Classification generally favours over=entication 


of tie reoourcee 


Te ey — 
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elevations, towards the tree=line, alpine fir tends to predocinate 
SS 
in the open tree layer, together with sone BpTUld, linber pine and 


alpine larch. Here, the epruce prowth is poor, irrogularly etocked 


ond shallow rooted. Gradually, the cubalyine epruce-fir associations 
five way to scrubby krusmhols and then the ee = 


3 
ess 


where enowdrifts could be of particular help in watershed cmanagecent. | 
Rowe's "Hontane Douglas Fir and Lodgepole Fine Sectica" is 
located below the subalpine forest in the borcupine Hille-waterten 
Valea areseo Typical of central Montana, it 1s charactericed by 
the two species mentioned (the former, J pcudotsum menzteria), and 
white spruce, with some linber pine (Minus, flerti4s) in the foothills 
and poplar cluspe at the wide contact zone with the gracsland assoc 
jations. Hosa differentiates a "Loreal-Cordilleran Trenei tion” | 
between the subalpine forest and parkland prairie areas north of the’ 
27 


Crowemest lacs. This footh4lls association is typified by white 
spruce and Lodgepole pine azong the higher forms, with the latter 
again the chief pioneering and dominant eub-clinax species. The | 
aspen parkland itself consists of a cixture of prnirle with aspen 


groves (jppulus tremiolden) which occupy "north and east-facing alopes 


of valleys, alougsh depreecions, ridges ond inolis". Laleam poplar _- 


(vopulus baleamifera) 10 more restricted in occurrence, and ie 


usually found in moister situations. All the aspen stands in the area 


2% Rowe » Ope cite, pe 9. 


‘27 


: 28 Idem., Tho Prairie and Associated Vegetation of south- 
western Alberta, Cunadinn Journal of Keooarch, Vv, 22, Ottawa, 194, 
pe 23. ; , . 
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gh are eeral, with spruce regeneration obie fly ro Mbdted by burning. 


ET YT he 


Glimtie! conditions, chiefly dolature deficits, are probably the 
corminant factors preven invasion of anges prairie by 
the aspen concociatien. 3 
Drier sites having limited retention storage capacities 
in the foothills. enc mountain valleys, oes with recently 
burned=over areas, are covered with greesland eacociations. Rough | 
feecue (Yeatuca ecabrelia) is dominant in the met productive bunch=. 


grass type. 


Other species in this ansociation are Jeske feecus 
(F. idahcensia), timber oatgrass (Den thonda antermecta end 
yerry's catgross (D. perry1), thouh these may Se almost excluded “be 
by rough foecue in undisturbed stands. This grass cover is present 
on the alluvial terraces and on south=fecing slopss and foothill ridge 
tops. It has been reduced to differing conditions by use, cea eovere 
dapletion is not uncommon. Through overegrasing, more drought resist- 
ent, but less palatable, chrubds arid herbs increase in isportance at 
the expense of the bunchgrascog, and eventually a thin eer cover 

‘given way to bare ground and poll instability (ece Chapter VII). 
Greriiar es areas, rough feecue has been replaced by speargrnscos, 
oatgrann and June groes (Koolerina crintaty;), and Umnson wonders 
ehetheoie might not be better long-term economy to use the range to 


the point where this replacoment is complete.” 


‘ Ged Ransom, Wes, Ths ‘once Konource of Alberta Foothills and 
Scenes Bantern i:ockies Forest Conservation > Doard, Calgary, 1953, 
mimeo. ). 
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Wh | tnor renge types ni OS ree Reeerve are gussariesd 


by Hanson. * Meadows can be divided into three groupes ary 


meadows, vhich frequently cceur an glacss in the foreat, are Come - 


af 


posed mainly of grasecs} the many wot meadors with their esdess — 


and rushes, especially in poorly drained footh4l1 areasy end the . 
eri Ai 
limited Alpine meadows containing grasses and ecdgete Alpen 


pees 


development has been eoverely restricted by advanced glaciation 


and low texperatures. Erovse typically consists of a mixture of 


SY - 


willow and scrub birch, with intervening sedges anc wet meadov 


bs. 
e 


@raases. This provides important winter ranges for big gane.. The 

most extensive type in the hkeserve, conifer, produces but little 
A : 
_@rasine. It ia chiefly made up of open stands of pine and spruce, 


and only the sore open stands of linber pine, Douglas fir and 


Lodgepole pine furnish mich forage. Bunchgress amongst the epen | - eS 

* stands of Douglas fir on the ‘orcupine Hills often provides exeel=- 
lent grasing. Hore, Parry's catgracs is a very Mrortant species 
"and in the present condition of our range probably produces more 
forage then eny other sinylo species, ~~ sreaven tly. burhed-over 
areas hace abundant annval and perennial woods and some cresses ae 
and browse. Aspen paler dominates the poplar range types which ie: 


fairly extensive and quite productive, though many of the species 


ae Idem. » The Graning komource of the Hock Mountain Yores 
renerveo, tantern nockies forest Conservation loard, Calgary, Dede» 
- 
ppr 5 (mimoo.). 


ie 3 ratte, 1953, Ope Oites De 3 


are only of lew pelateriasty. In the’ pariland, Upland grass types : 


cay be presents or pocatty th ktxtures vith pine cries (Sakams atin: 


a pubesceng) end einer of the eeniferous types ‘Im all, it to eatieated 
that the Crowimest sorest tscorve’s used ronse eceuples fet under half 
of ite total area of 526,740 acres. 33 


SUMICIAL HATSALALS oe ee 
The ieportent fmetors determining eo1l forzation in the 
reserve insleds parent Saterkass Clinate, vogetative eover, allece and 
¢raiaaze and the uses to wuich tuoy hnve been, or are being pate 4a 
latrioate varlety of asonal aa (nirezceal polls han reeultod, with 
@ll-developed ronal esile occurring only in releciveis ell areas, 
Under pregent conJitlones espocially thors of climate ond woewtation, 
podsels tend to Vf p-ocwes in most o7 thm erea, with tundra eolls at. 
tthe: elemtions ané a pequence throuch grey ond brown povsols and 
grey-brown forvz? eotl verious greesland tyres in tho eouthern 


foothills» es erought 8 incresco. ‘ Three senal esile are, 


hovever, all to extent effected by the uncerlyiny perept eaterial 

preseitsce Tae ee of deeraded blac eoile insice end adjacent te 
the Pecerve probebly correlates with the reversion to coaler and moister 
conditions felloving a climatic” acclicration nome tvo to four thourerd 


years ogo.” . pont nie 


25 Idome, Dedey Cpe Gites De Do 


val Créscley, Dele, Tho ila or on » the Kananackis Forest txperimeat 


station in the oubalpine Yoreqt herion ! fon in in Alborta, Canada, Vepte of | 
Resources and Deve Lope cats cil view ultural Koooarch Note No. 100, Cr tavay tole) 


PPpe 9-10. : 
4 7 guswer, C Codeg Poatgleo tal mvironnents in the Canadian ead 
Pountains, Loologicn) Monographa, Vole 26, 1956, De 297» 


for fhe Lummor of oth! Lantern woekles rorest vonmervation Doard, 
for fia "19536 Je (unpublished mae). : 
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Owing probably tothe = acount of tine available tee 
mature dovelopzent under cae type of clizats and vegetative cover, 
repay ani aS wideapread.on the et drift end fluvial © 
depocits, end ales oa pees aoe formations over ecofter BF foothills Fotis. 
usseesive or ees, redness end erosica eaquent upon burainess are 
eignificant eauces of these soil variations, Aloost unaltered parent 
axtertall the acre esils coves Teare roc, newly ereded and 
deposited materials, as wall as conciJerablo areas of coarse glacial, 
colluvial, alluvial and shea boulder eurfeces. ‘the elow 
breakdown of the hard bedrock end ecarse regolith, intense physical 
weathering, relatively large mmoff and etream leads, protection by 
eqow end ico, the widespread moderate to ateep elopes and cleorgantzed 
post-glacial drainage, have all contrituted towards. the extenaive 
azcaal groupe ' ; Fa . 

Because of the nature of these soils end ‘ths strees here 
especially upon relaticnehips with watershed hydrolozy, Lessock"s 
napping esccording to a "“physlogruphic classification” serves as 4 
useful base for docorihiny the area's “eotls"s”” Its eix types based 
en the physical oriyine of the surficial caterials propont, the 
“ebedfieation atresses areal patterne of both dnrdi tration end etorace 
character lotion. : 
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peas of ware reek and roeiy alpine coils eae chiefly lscatead 
at high elevations, especially in the age rire caste lanvarea’| clone 
Bastia thei Cantipentall Divide and en the ridcoa of the other front 
ranges with thoir wideepread tare limectene Gietuece: Bedrock 
exposures cocur in‘nomclnctated areas, in arces eroced by valley 
glaciers tut never drift covered, and where there has been post-glacial 
resoval of drift (aostlg i iniatraanivalleya)e Often Sy ee ee 
ehinYs) covers diiehitial) ex ecattered erratics. shore preeent, leose 
Wale tatelicatertaleitend’ (ol be coarse and. ohallév, an ercaioa has joughly 
kept pace with weathering, Thus, near the ens there ia but little 
capacity for abeorption er retention of wenter, end vwocetnation is either 
poor or abcents As noted above, Pea ientlen en the western rongos is 
relatively hich, while evapotranspiration losses are low owing to the 
lack of plant growth end low tesperatures. Consequently, yields of 
runoff froc emownelt and rainfall may be as hich an sixty iaenes end 
mot delayed later than opring or very early summer. Typleal tack=-renge 
water=balunce Suakvicnas (precipitation equals evapotrunspiration plus 


streamflow plus/mime etorace chence) mijht bet 
November to ray! 50 elas % + 45g Sumo ond Julyt 6 a 4b + 4 © 42; 
August to Cetoberi lu = 34) - 36 (1 in inches). 


Levere physical weathering aw ,arts of the watersned has increaved 
detention storage potentinis or allowed movernt of water to porous or 


frestured bedrock. sbere there 1a soue vocotative cover development, 


‘ecils are forming, mow drifting has been encournged and enownelt retard= 
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ec. Thies represents a very good f.rm of mrface detention storage. 
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‘Yore videopread than these are the Woatglne tal lreeiieal | oetle 
which have sons degree of profile Gresleracne Found dn coothtt2 
rather than sountain arses, they occupy elopes “that aro not 20 steep . 
that the natural rate of ereston exesets coil covolopzent fren parent 
rock or eo shallow that transported material has been cCopoaited and 
retained upon thea".”’ Although there is cone intrascnal end somal 
profile developaent, the croup te chtefly ezonal, tat variations fn - 
depth, texture, drainacs qualities end untorched valves lictt meontne 
fal generalizations. Hea 

Areas underlain by eandstemes on ths footht12 ridess anal the 
limited areas of suitable ehales in the ralleys and on lover elepes 
have deeper, finer textured soils thom have the less eantly eroded 
materialn euch as limestons and iynscus rocks. vacetation has important 
effects, eapectally upen voll structure anu texture in the intrescnal — 
end mone) e01l groups. lodeolie soils have higher infiltration and 
lower retention storage capacities then have the gresoland coils with 
their finer eateriale end greater eroeton basard. ; 

water yields are mach exaller 4n these lower mountain end foot= 
Ri areas (¢hand in: the ibeek rangee doceribed above, though regines tend 
to be better. Gonnequent chiefly upon differences in coil moisture 
storage, yields vary from eighty-five to twonty por cent between the 
coarse reaicual deposits of the front range - foothills margin and the 


fine, deep emterials in theouter foothills. Unfortunately for eose 
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an emcee of ercetea ever nfl covelopaent under all tut eptima 
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“vegetative CSVST. 


High detention sterarsa capacities end gmoral eens 
characterine poorly-ecorted collevial coils ‘which are found at ths base 
(of eteep, tare elopes whose runoff thoy tmpeis for eumer releanes 
rredesteently ende up of Wines tone thoy are eften intorectxed with 
gincial and alluvial depocita in their coarser downslope portions. 
_Uewally they have vwory little wibtios wodl eaterial, low evapetranspire | 
etion logemes and variable water ylelca. They are notably. found down 
elope from bare rock and rocky alpine poils in the foundary and 
Livingstone Ranges, and aleo on relativoly larg areas of the Castle 
and adjacent watercheds. : 

Azonrst the beet for forest grovth and watershed properties, 

' gleelal esils, other than thore of glacic-fluvial origin, ere chiefly 
caveloped on coaree glacial tille, thouch corninie areas aleng end 
across rallleye and below cirques are locally important in increaoing 
storage potentials in the mountains. ich of the iscerve ie covered 

c with varying thickneeses of this unstratified mixture, but it has already 

been eroded from the steeper nlopen. Forest grovth upon intrazonal 

pocsolie 2011s developed om drift improves infiltration end storage 


capoaitien, tut water yleles aro recucod through interception and 


transpiration lossec. Yoderate yields of yood quality water of favours 


able recine derive from the extennive back-range drift tasins. 


* ) 


Alluvind and glaciofMuvial poile are grouped together owing 


expecta of past msltiplewnsny cary of the mvetaal aleres ere exhyect i 


a aa rte one 
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te their einilar properties, but are very variable in their depth 
1" \ rere SAU 
and textural qualities. ireeent potably in the lesz steep lower 
a % 5 j ¢ 5 
\walleys on cerien of allt-covored terraces euch as thoes of the. eae 


ivingstuse and lewer Castle vivore, thoy contribute nignificent 
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. , 5 r : Rett 
storage for runoff from higher elopes, even though infiltration - 
capacities tend to be eonewhat low. Adventaces trom dotention ef 
water for dry eoason runoff tire often offect by phreatephytte lessees. - | 


Thees esila have been Perce cases, sunceptidle to abues throug’ over 
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Doric la Mcmicniigeiateyarube Ort tha hd. detention ietorssw:poteatsaher™ 
of the coarser cubsurface materials, and provoked Anereased quantities ; 
and rates of surface runoff. Again, water visas ae quite waried, tut 
tend to te lower than those froa eduioent nlopes. | 

leor d¢rainaye sarke off the tig anc Par eutni eoils which eécurs 

in a wide variety of locations. ‘Ney are be limited extent, and are 
typically found at all elovstionse cn relatively flat terrata where there 
in an ieperuienble mubeoil or a hich water table present. mlustrine 
deposite end gleying ceomonly occur. Thoir wilve ih waterrhede is 

emall owing to amall umined atorare capacition, low infiltration rates and 
larye evepotranupiration losses ‘hich mecuce zleldo in dry youra in all 
bat the! higher arvas.’’ Typical Hi vealarei int lowly ins fleodplains such 


eas that of the eoot Branch of the Castle ver vhen ponding b, alluvial 


fone ie coupled with a Mat valley botteas in clay arean on drift suchas 


parte of the hecoxores Creek wateraneds on sumliow residual alopes over 


shales; on low terraceny jor exaaple alory the nortiweet branch of the. 
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ee was) stiovn above, thre are datinct need differences ta 
i : ye the water bulance on Se ereteds of tre “astern el6,es to Souths | 
Me : . veotern tT (ae looad level, ‘these relate yartioulerly to cae 
distribution of eurfict1 antert Qs and ylant cover. ‘Owever, by 
a, lying the relitions:i,3 Matmeuutes in chs, ter iJI and ‘the up Tom 
inte ,..tterns of preet te peeoas noil und verot ition, it iz youallle 
to use evaotruns,ir.tion esti: .%tee and uv (ladle stre.-flow records 
to:'oot jin w generi) io, ress'sn of over 12 wit: rote Vs v riutions ta 
| t.@ sr@a. “11 the reserv_ti no's deo in urin this - ,Fo.eh cust be 
re lice}, und it should be etresse tt, , endl. inten ive eurve ye. ; 
and rese -reh, only 4. prorky te , tternm en ie ev lu ted, snd tien 
ia se Lititive rather ti-w Prtttutive tern 
' Vaing t ft: met) od, i syOOCR 1 o u.,e sev-htwen ‘yrecip= 
At tion and w.ter ylel: repiona” in the mount.ias .ns foothills area 
of the ‘uoh.tco: ew .n ‘iver b Regt even of ‘thew re located south 
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About two thirés of the aren drained by the Clésan ldver and 


its tributaries ites cutetts the moutaimnnd foothill erean Coccribed 


abovee Following the exsctnation of otreanflov patterns in that (OTSA, 
a cursory diccussicn of water eurplus variations ‘cn the Alberta Fleins. 


“pervos to emphasize the overall contrasts present within the basin as a 


Whole. Deopite ite uowmlly exall annual pireacflew contribution, 


enomting 4n a dry year to woll mer one quarter inch ytold, the plains ~ 
area adte eionifienntly to flood 4ischarpes in nose ceancaa,. The impert= 


_ ance of the local m=wff which does not flow out of the area must not 


be underestinaated, and 1t has been surrested that “local mmof? | 


‘(ineluding that reaching etreaza) in the sottled portions of the Proirios 


fe on the avernge at least four tires as creat as the volww of eater 
' in the South Cankatchewan River that 1o available for irrigation in 
Saskatchewan and pees (ttaltes mine).t In the (Claman eub=becin 


iteelf, however y local mmoff is relatively of less inportence. The 


economie value of theoe supplies on the plains deserves note, even passes) 


mot of the larger users of vater in the basta rely.upoa the greater, 
more dependable flove deriving fron.the Toctern Slopes. 
| hg was noted in Chepter IV, t)6 Land lying to the east ef tho 


"Aeturbed Belt" conaists of a broad, stable deporitional zone Att} tw 
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major etenatiinal eomptns atoy pasaly the Sveotcrass enticlinesial toed 


ent the Alberta Synelines Doth of: these hove northwssterly treating 


- emma paralleling tho ectriks of eho trent TENSES Tertiary exdinestery 

: depoctts have been preserved within the Syncline, the rect pf the basta. 
in ite-plains esction being eccupted by Crotaccens rocks, a conten . 
ecries of interbotted exndatoncss and haloes the Totes (Cretaceous 

Dra setr reas Kida elses dike wsiltG0' tha Ganterd*pertlini St the 


area, has as ite bans) component the Milk iver Sandstone, whose fans 


like etructime ia enuso by Civerzine ass within the Seceteress Asche 


This ferns the largest cmndstone aquifer in Alberta, and Meybeca 
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ectimates ite anal retion At a noncre S50 cere-fcote’ Thess 


inirisring eupplies ere chiefly vecd for dscestio purposes and lives 


etock watering in the eren of internal drainage between the Lever 


Oldman and the Milk Mver. Its poor quality renéors Lt mifit for use _ 


in irrigatien or industry. Although sore ¢opendable than cupplies 


\ 
from eurficial dopocite (e.g. the mrzinal seraines, cutwach plains, 


eand plains ond drift-filled buried channels), bedrock groudsater is 
often deyendent upon theoe overlying materials, tends to be limited in 


andunt, subject to little movement, costly to pup, and often enlines> 
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sateriale | 25 a rome ef plectatéea | ns mubeoquent depost tienal process 


(@00. Underlying Tertiary end Crot eacecus foruatiens cuterey tn esse of 


the Leowcarsinal érainaze crannole viich ext eoroos the rollingy north 


sev euntdnl aleyane er incde Dodreck expomures are not, however, very 
commen iin the areas North of tho Ste Very. ieecrvote fn the Good Inéten 
Reserve 19 @ particularly extensive arca of bedrock witch fa aly 
thinly overlein vith till, watle rock outereps eccur ea the MIE diver 
asen an ee ca Sie Tiere oe ene Me ives betwooe Wilk River = 
townelte and thieley Cape Tho ctecpevtlled pesteglactal valleys now 
Conmmied us tne edior utreanalccamise the’ wajor active @iecection 4a” 
.  Phyelographically, the land surface is cherasterised by en. 


“Antrieate ansemblage of curficinl depocits, watch alo dominate the 


water relationships of the orca. Althsush kinconcin Laurentides ground 
moraine 1a the moot widsepread feature, a variety of clacial, glacto= 
fluvial, alluvial and acolian deposits is present, each having its om 
peculler elope, taftitraticn end storase properties. 

Areal Gif ferences 4n the climtioc and vocetative variables 
between the foothills and the centre of the Pallicer Triangle are Yeos 
Grematio than thoes in more wooterly locations, and are cuntarized in 
Chapter IV, Averacs annual precipitation totals vary fresa about tyenty 


inches at Sado» Pincher Creek and Cardnton in the vost to about) 


t thisteen 4nches at the Cldonn'n confluence with the Bow. The consider= - 


_eble pnmual and eeaccnal vertations in aout oan be conventontly | 


discuerved in asoociation with potential evapotranspiration eotinates 
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ce _ rela ative to eater" ‘Eurplue pattern Between ¢ ha cana Loeationsy : 
averace exnon) potential erapotrencpizattion Pansse frea oignteen 
Poccres in. tho wos? to ‘alnost pets foe inches in the ‘enst, €9 that, 

en average, procisttattin to balanced Uy erapotranaptration locos. 
ced ting may variables and taling voter yleld atsply en peeciyitoe ; 
tica ae eet ovapotrencpiratiens exmual eurplucce occur moto 
froqueatly vith @fetonce veotwanis ecroae the basta (calentating the 
data ona senthly basis). The’ variabdlity frea yeer to year is 
illustrated by the dLecharges of euch erreess’as Rolph end Pothele ~~ 
Creckes In the period Marcheetober 1949, for exaaple, wolph Creck's a 
total nan ne | 

ae Finsball, For the eam ;criod in Aaj 195 Dot wae )2>,020 ecrect 

F yo eee easter dally decharges recorded vere recpestivaly 97 end 

@ 962 Cefees for the tro yeors. In coneral, munoff ts dependent epoa 

enownelt, exceptional rains end precipitation upea exons of Melted 
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storage capacity. Surpluses thus tend to be ecncentrated at tines of — ie Se 
late vinter enovfall end early epring reinfall, with ecdsture dofietts 

. proaineat in late euxertins. Low baseflovs accentuate thie marted 
peaking of otreenflow Clesharses (eco Appentix 111). eas WM 

Unless ee rates ere incafficiently larzs for a gAvea i 

preeipitation tntenai ty or rate of snovmelt, ‘precipitation wit £0 6° 
2 roieture. storage caracitiee before any oienificant ate oma 
occur. /dith aeeumytions for otorese end runoff opportunities, the 

effects of the plant cover and local precipitation variations, 


, estimaten of water yields can be onde for individual areas. As the 


vorious landform typos witch make up the eurface of the bacia possecs N 
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relatively. heasgeeoue vaterciod charecterietieny ocae, Searing ful 
| goneredieations about snort = eon‘ be. cate | en the basis £ 
“thet distributions | 


To Lliustrate the range of variation <n the water balance, teo 
dlectilar areas can bo compared, both ESS coaparehle precipita! 
and potential evapotraneziration characteristics. Hygotheticsl 
equations are given in Table 12 for an outyash plata paralleling the 
(lémn Mver in the northera part of the Jeigan Indien dcosrre end 
also for a ,ert of the lacustrine plain #ich’extends westwards froa. 
Stirling to the ute Mary civere ) 

vith anny features concn also Yo the videevread ill plains, 
the lacustrine arca of fine, clayey eoils possesses a larre retention 
erorae™ capacity into aes) ater moves quite olovly oving to low 
anfiltration and poreslation rates. «ater is unsble Colnlerh waa 
augzent etreanflow because of shallow alopes and luck of an organtued 
drainaye networke (loctglacial water supplies have been ineufficlent 
to diseect the landscape)e Conmsqueutly, nese smes Cppoxt uns Sy is Capa 
wided for infiltration end lows throush evaperptioa. As for the 
water which doos penotrate tie eurface, Little succeeds in reaching 
volow root depth. von assuctiing a twolvoeinch moisture etorago 
capacity for the whole bunin, average anounal deficits rango fros ene 

4 adjavent to tne foothills to over ten inches at dow Ialand. The 


greater{ alopye fuurd in til pleirs stimlutea groater concentration of 


rmoflf into ceprea:jona. 
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ixtract of Publication No. 51, International Associa tian co Sedtenti fic 
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hae allove extrosely rest infiltration of nodeture to recharge its 
‘Mic ted rotention eterage capacity. Yuch oh it at ern Perea root 
- Gepth to aucment Cremimter supplies Ct» “eventually otrcaaflove 
‘Agolien sand plains, euch as in tho Tearce area, have eocituat etetlar 
qualities, but tend to be underlain with relatively imperncable Clays 
vied Pen respensible fer the nuzerous aloucshs characteristic of exch 
feyonl tae STH ats eontyeurfmce!sateriale areirelatively Iinited ia” 
occurrence, end none, for exyle ielithe area eouth of Hasleod, exitdt 
numerous blowecuts as 4 recult.of past sisuce. 3 | 


The extensive areon of tarmecky moraine, with thetr Scher alsres 
Sadi vudteritabiessitinvs! a) erccttist Gaiteretiate poattion relative to 
Meneictherlevol cronpalin( that wdlstimich witer in leat by evayeration, 
the onount puaciny into streasflov end grountater recerres is higher 
than in leoustrine cr till plains, “urmocky moraine is present ina oe 
broad, discontinuous band between the southern eargtin of the Porcupine 
Rills ond the International Poundary east from the te Mery iver! 
Streanflow coatri butions Pron the plains ere, then, generally 
ezall ond exce; tionally variable. «wmoff ¢erives from snownelt in early 
eyring, though clocharce fron heavy rains in late apring say be greater 
in pecs yoars. Many of the local Beecesions are usually without | 
external drainage, co that Wille local mmoff ray be clmifieat, oaly 
| in particularly wet years after prolonged rainstorms will these areas 
contribute to mainatrean flood flows, as cocurred, for Gaeta in 
June 1953. As an indleation of thie difference, the effective’ drainage 
arean of pothole Creek atove ‘iagrath and Tolh Greck aborn Kisball are 


WK 


- 


; os ' «ptm aft fy he) too oe eae | a! cere ae ce 
di wean & woe to eet iMe y pais © SSA oR 


me, tae weaelore 15 Sw ote ee weTD Se re i ret 


eek POD 5 eee Ch IS: a] ron nae Praga of thee 
aire tale eat pom weet th WD at ew iets aan ch 
eqs cating. yl Mast Te oe bass hat ake Sine hy 
ele » o' Se) Serine otanly uw-nang of) it a. hal on atta 


& ssea?! elie Deli « ree an aces mn ebm Of 10) beng 


ee ee ee Be womens ihenee . 


ee 
 —al> —ante ae % ,& Se Geom ‘eo ture tomes WE | _ 
2 @iitirst oi i srry sie +954! ioke-as= » ‘= ‘ =(4ad eta yee ‘Dee a a 


ai —~ ¢ peli a? @ecer Getw Sele $2 of + Qrg eal pelt | 


ted ai arp epetewrs ver ae ees efed jag toe ee 


ef jan ve a4 ‘oetpues os | gamete JES etre ass w conic 


J 


out at! Se Ae OR 0 come! bot ere teeth here | oe 
| | oa 
or cue ..5~) Of oer) Peer wha fee Por wts!. ost tum ati ge — iv 


pire get? .s to, 8 Pat, gee acl tee sien tate 
the 2 amie Ee ae eee linha « Lemans + itmmp 
ooo W am Re: ‘ott ‘l phies Gi 0 epieeel Gu’ cnte - 
eo pidteene ee ae eee ee Ten ium ee | 
. stem pm sf fene. of oe Vers hems wht les? Oe ied 
fees elit 20ke dep Centon oierny UATE won, Hs rier ody Ob 
| * , aie ® sal CTT HED ae ee th cont eee ree. ob abe aD al 


eo) ee a seas a 0 tel 4 eo liactieg ne ok stPt =. “F 
Os r 
he Seal? rl ea nlpa: pm eg: rr die elena) We 


-_ - = ¢ 7 7 


ea SS ae RN a lr a ea en Re Yt - 2 Noa Sic ah a i is el dina aie ‘in se 


: pss 
: So ey re 
Seer 
ecents <- 


both approxinataly cixtyefive per cont. of thelr Sie grees 


 qreinage ercan.”. Annual curplusss exceeding oight inchos tead te 2 = oe 


pefesecciated! sin eaverelerceital aul flood Gaape. outing pastiy to 
Leck ef coil protection fron en effective vegetative cover. 
Nigh diver, located in-the weet near the head of the Little Bow, 


had over eiane inches of water eurplus fn tywolve por cent of tho. 


ero of the period 1921=50, but frequencies of tate eoxttuts 


_Gecrease carnodly wi 4th diatance castuarda. Aeuuming a conparable 
storae cayecity of four AaSeB eo), the corresyeading figure for. 
vort ifaaleod is three por cont. «ater fra for the pericd 

- Cotober 1952 to Sopteaver 1953, a Fanta sulacly wot year, reached 
loonie inches roughly alony thse ‘neserve's and tational vark’s 

Weaitara) wouvdaries, accreasing rapidly to Clive Ancose alone the’ 
Macktatiactandoffalmtsrunt Gay Line. “ost yeara hate only emit 
to soderute surpluces, with but alnor coutributions to streasflowe 
wwerage ylelds exceeding two inciee oocur only in a mall portion 
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3 Durrant, TeYeqg and SK. ance tin The Magnitude ond rrequency 
of Floods in Alberta, Sesiatchewan end Honditoda, vanada, opte of 
herioulture, |. Wien otis Wiig: iiydrolocy Avision, ‘eo; ors 1M1, pe 25 end vido 
Chapter IV, footnote l. 
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CAPA VIS 


PRIORITIES #OR WATERSHED RESEARCH 


Useful vaterehed research and action programmes on the 
pee Cera cree erencn@rone aan ex ver an ncequa sysmcunt) of basic 
inventory cata. Tale ehoulé concern the area méer study both by 
Ateelf and vithin the framework of the Saskatcheven River Basia as 
a whole. Upotreaa managenent of vater rocources 1s to be even in 


Xm 


teres of downstrean patterns of denand and their likely trends, with 


due regard to the other uses of watershed areas. Necess.ry prelimin- 


aries to research on the fastern Slopes would therefore include a 


« 


2 ui detailed basin enalyais, possibly useing Durrant'’s outline as an 


initial working baseee A strengthened Prairie Provinces “ater Board 


‘mdight cope with the preparation of this study, and ultimately with a ~ 


comprehensive plan of development. In its present limited advisory 


role, however, the Board has been unable to obtain the necessary 


authority and finance with vhich to proceed with this work.“ 


The Legal and organirational arrangements currently in force - 


deserve study, deyecially emphasiaing the relationship between water 


3 Durrent, on_ an _Interrated Basin 


ase for the Saskatchewon kiver Rardin and the Neleon Kiver, Prairie 
@ water Board, kogina, 1900, 53 ppe 
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Macteill, J.w., Jaw and the Arencies. Paper presented to 
the Fourteenth Annual Pritich Colustia Natural Resources Conference, 


Kelowna, Septe, 1962, De 23. (rimoo. to. be published). 
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pe 


ees of the present eer oteeeture to noet encoces= 
fully the complexities of eonprehenctvs Covelepseat must ales be SS 
considered. Other nesds of this typs include the formulation of 
procedures fer projecting future water peacivemacts in the develop 
Gan tVeriacctietaicie fladtle blanc. Tisee| vould inserparate. 
effective pliming methods euch es recog (ion en4 evaluation ef. 


‘available alternatives. As on the Kastern Slopes themselves, 


determination of research needs end application of the eventual — 
findings will involve conaideration of eccial, econcee end political 
factors, as well as thoes of a purely “physical” nature. 

“Inventory studies carrted out during the Capitel Period 
betveen 1948 and 1955 under the ausplees of the Eastern Rockies Forest 
Conservation Board are outlined and clecussed by Layoocis” Their 


incomplete, unintegrated and unoriented nature was one of the reasons 


way long~tera multiple-use plans were not developed by the end of 


that tine. This, coupled with the near absence of bacic surrey in 


subsequent yearn, has left a pressing necod for evurreys, instrumentation 
networks and statistical compilation to define end locate present end 
potential watershed problems, as an encential basis for management 

end ees of reoodrch priorities, and aleo for use 4a 


the research progremme iteelf. Thies position must not continue to 


eorve as an excuse for delaying rectification of the more obvious 


Laycock, A.H., Fhyclorraphic Classificution of Soils for 


Land Use ilanning on the Lantern Slopos of the Canadtan Rociden, 
unpublished Ph.D. theais, Univercity of Minnesota, 1957, pre W ff 
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Satases|celuitersied/ ccluans! Ret clls(Ga tee acters slopes nae this 
been tesd os “a meons of delaying Wiotactofil efntnctoattre éscietons", : 
Both the nature and areal ecope of thece inventory etudies 
ieelecatneniecee) ins Teeeercny) Upca) che) area) thought) relevant for 
watershed managonsnt. Ideally, 1t should: encompass the vbole 
saat cio ual ae Dein, in which the Prairie Fara Rehabilitation 
Aéxinistration eight be given vider responcibilities end objectives. 
At least it ehould include the basin's mountain, foothill end plains 
margins eections, in which the Old=an. ayeten's headwaters eccupy a 
significent pert. Only if watershed eceaxen end the preparatory 
eurvey work are mdertaken within meaningful unite can benefits be 
raxiel sed, alwys asouring that the recults of t'ese atucies are 
allowed! of applica tices! outaidelthe! Growaiest "Forest !nenerve this) 
might be achieved through euch legislation as the “Act to Provide for 
nes ; - the Conservation and Efficient Uses of Land, Forest and tater Resources =< 
: in the Province of Alberta” which was assented to on August 2541955.> 
Three major recording networks are required in the area, and 
Crane Es a iaae Tot ta te ootnied Colla (HV Ee 'nasdt for*surveya tof" other 
phenomena, They would measure climatic, ctreanfleow and mowcover 
variables, vilch are all as yet poorly mow. Aleng these lines, the 
i etudy prepared by MeKay for the Technical Advisory Comittes (eee 


below) t the weatber observation network on the Imstern Slopes 


4 
Contello, DeFoy Ot Ale, The Integration of Proferstonal : 
‘forestry, Rongo Management “and Wildlife Management Responsibilities, 
Journal of Yorentry, Vole 53, Noe ly Janel955, pe 59 
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1955 (Second Senston), Chapter 3. 
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con hardly be enld to fulfil ite stated objectives, to “outline the 


| requiresente” and “sugrest improvesiats to the current netvork” ta 


Gecentng) bata lcuresry factions” It does, however, show hev urgext 


is the need for eatinfactery information as to climatic patteras. — 
Sedinenfition data vould be an inportent produst of en taproved 
hy¢ronetrie net. Theses studies would be helpful in establiching the 
nature of the precipitation and runoff eepects of thelwiter’ balance’ - 
The actual research vould incorporate the ¢ata eurveys in general in 
eatablishing the variations in value of all the variables involreds. 
A current lack of eultable classifications exst inevitably retard 
MENGE REEVES IEGEN EDN ChAtVOCs tHebrenge resodros 

Jeffrey divides the initial reconnsle=s=nce survey needs into 
two groups, the escond of which is regarded as less pressing than 
the first.’ These couprine, firstly, euperficial ¢eposite, groud- 
water resources, ecils, resource damase and dowmstreas water ue and 


demand. Surveys in the necond category are of forest inventory in 


‘the National forks, avalanche end torrent arens, areas recently cut- . 


over or butned-over, areas cleared for agriculture, rangeland and 
water storage siten. Dependent upon theses inventories are the crucial 
Sine of watercted and land management. Optimies about the quality 


end ued fulness of the current forest surveys of the Reserves by the- 


é MaoMay, G.A., venther Observation Network in the Factern Rocictes, 


Canada, Dept. of Agriculture, Prairie Farm Rehabilitation Ad:rinistration, 


» Regina, 1961, 6 pp. 


q Jeffrey, W.W., Prerequinttos and Fricrities for Waterrhed 
Repearch in tha Enstern Pociclon, Alborta, Canada, Dept. of sorestrye. 
Forest Rescarch Branch, Calgary 1961, pPe 26-29. 
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work undertaken prier to 1955 has becone dated end inapplicable. 

Waterched senemacnts ta aianttng end effecting operations 
to attain desired objectives, presupposes that the Meits of , 
potential ection, the methods by which thts Paniva lacooa. towels end 
thallquantilta tive iresaltatareimocal > Henbel Ciere “arisen Ciel nest ror 
fuesaronitoiiel paneer (ses quecticus, Widereesing the Fourth. 
‘Annual Arizona baterched Syzpociua, Storey includsd a nseful 


eunmary 3 . 


watershed manerenent receearch is that broad area of 
investignticn aimed at determining and mderstanding 
those elezentsa end preceeses that affect and control 
the mnnner in which a waterched receives and yields 
waters and further, to cotermine how these controlling 
elements may be maintained or modified co as to best 
meet man’s needs as to enoumt, quality and tising of 
water yields. Such research is intended to furnizh 
the knowhow needed for munagenent of ferest end rence 
watershods, to provide guides for the rehabilitation 
of coverely deteriorated arenas that constitute sources 
of destructive floods and sediment, to guide activities 
aimed at protecting ecil and water values while 
"carrying on other uses of the land, and to guide 
prograns intended to increace total enter yields or 
improve the timing of yiolds. A woll-rounded reosarch 
pregran should bo made wp of both basio and applied 
types of studies. The character of applied reocearch 
will vary dependent upon the Pde | of the phase 
of management to which it is directed. 


) 


priorities on the Enstern Slopes, some comment is pertinent about 


Prior to @iecusoing baste and applied research needs and 


8 Storey, H.C., watershed Manacenent Research, Proo. Fourth 
. Annual Arizona datershed Jympoctum, Katerahed and Related Manageoent 
- Problems, Phoenix, Septe, 1960 
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“the organteation and adsintetration of thts orks ha noted in the Co 


Eastern Rocktes Forest Conservation, Poara’s demand Report for 
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ee 
1961625 it was proposed to cet up a eingle agency ccatrol of 


watershed rescarch, with other ot acting in esopseration with. 
that (preewably Feceral) body.” This idea was umfortunately tem 
carded, and conssquently the "programs" is being purexed throush a 
maltiple-egency Erouyy the Technical Coordinating Comittee. A 
Feaaratiocer dina tee’ free tha) berarteent ef rorestry pleas {te | 


‘programmes es voll as coordinating the plennine, flelévork and 


interpretive studies in conjunctions with the Eastern Rockies Forest 
Conservation Board. The Board iteclf zives esaistance to other 
cooperating agencies. This system, subject to advice froa a Steering 


Committee in Ottawa, has cerious limitations. The coordinator does 


" not have the authority or perecnne] necessary for a eatisfastory 


development of projects. Responsibility for individual projects is 
difficult to place in this comiulttee administration ‘of necessarily 


divided loyalties. It is far from comprehensive in its senbderstip, 


as 1s to be expected when sone twelve acencies, should be involved, 


and when, even if they were all represented, informed opinion on many 
topico would be lacking. Omission of members from the Provincial 
Forest service, Mish ond Wildlife Divicton, Landa Divietoa, and 
Univerailty, and fron the federal National Parke Branch and Geological 


Survey, must be regarded as a serious etricture, even assuming 


reapcoable calibre anong participants. The proseos by which the 


\ 


9 tastern Kockios Forest Conservation Hoard, Annual Report, 
1961-62, Calgary.» 1963, pe 12. 
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Marmot Creel project is being modertaken eerves as A portent of 
Drncare efficiensy, which eoalaibs- partially allevinted by devolving . ee 
. ‘responsibility for individual projects upon individual acencles. : 
A watershed research programe oa the Eastern Slepes chould 
“have an initial chorteterm aspect until eurvoy, work allows formlatice 
of a long-term, comprehensive atudy euch as that outlined by the 
Technical Advieory Comittee in 1960 (re Appendix I). Meanvaile 
the problea is to determine which individual objectives are to be 
pursued in tle interin period. Initially, it hae been assumed 
(probably unjustifiabdly) that vateranea nanagerent authorities will 
follow remedial ection programs of rehabilitation usinz know 
techniques, though applied reeverch micht be necesrary where theese 
prove to be inadequate. Likewise, the actual conecious change of 
water evpplies deriving from the Eastern Slopes must await the 


long=-ters programs, co that iemediate objectives might focus upon 


2 
basic research ani the protection of soil and water. resources 
(1.0.. preservation), all takiny cognizance of the full range of areal 
variations found there. ' 3 
The research coordinator has eet ait high priority 
objectives for renearch during the period 1962-66 vhich will be 
. taveatiglted alon; with other research efter that date. Four are. 
§ concerned with the eatablich=ent of underlyine hydrologic relation 


ships, and exclude any eort of hydrogeological or meteorological 


reeearch. 


. 


t 
; _ J : 
cy ea? Dae Gegeneene 
4 4 7 =— 
as J acs i ‘ 

’ t 

f BOO ¥ voul@° Sang 
; f oy Le. Stee deucay 

. : Lae a olen tots eee 

; ws 

é i - ae 
i : ; a 
I Aa: ey oi 1 
Z o m 


| ‘They are defined as studies of 


1 hones le the variation bepwean precipitation end runoff 
ae relaticaciips for the eajer hydrelegie scenes end 
ee : vogotaticn typea. 
: 2. the varintion in evapotrens rations water lesses aA 
{ poceenr (are neriane) 10 che ease wecetation Cypee 
ey : end hydrologic ecnes. — 
<3 ee tenant tian genoa ann tueid ortant 
relaticnchips betysen enoy, vecotation typo end. 
Consity, tepegraphic features and elfiemtic pmtters, 
oe the physical characteristics Janda memacessnt reqmire= 
ments of the important coll typos frea the land 
management and watersied standpoints. 


Two others concern watershed preservation, i.e. to find out ~ . % 


=! 5. the effect of comercial logrin in hich altitudes ecbalpine 
‘ -epruce=fir forest upon vatershed values, notably quality 
end regimes of runoff, infiltration and percolation, ccil 

? movement and eontnen ta loa end to develop techniques for 

:* _ minimisation of drainage. 


6. optimm vogetation types and plant cover densities, vith 
reevect to cedicentation end water regime and to covelop | 
eriteria for range watershed criteria rating in the hy eae Sere 
ei miner range types of the study area.l0 ‘ 
as a@ part of the ae ae elucidation of preeipitation- 
runoff relationships, the subalpine Marcot Creek basin has been eet 
up as an experimental watershed on a rather flimsy bacts in en 
attezpt to provide a long-calitrated watershed upen which the vo 
tegrated effects of tho warinbles studless in the resoarch period 
can be goon. Similar objectives on the Dry Coulee watershed in the 


Porcupine Hills have been proposed, but the project has become — 


a Joffrey, Ope Cite, Ppe Bobb, 
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' pomewhat confused in-ite "planning" stave, and, further, hese a a 
doubte as to whether it a. maffictently represeatativre basin for 
wtudy. Tho role being played by the Provincial Dezarteant of 
Agriculture's rater Roeources Branch is a limited ene in view of 

the fact that it ia responsible for Raxiidsterine ihe tater Reccurces 
Act, sods ees important, for advieing the Minister of Agriculture 
othnuarustant unasrealineelcnieh are oonaicered to te, in: the 
public interest" under the terms of Part IV of that popes Ties 
“provisions extst for direct, dsaling by the Province with water 
veohlener fs 

The priority given.to eurvey work and basic reessarch 
studies 1s common to the sugrestions of Wile and Dimford in the 


serie In (helizke’ Steteesi? etd oc both Freak 


central fociies, 
and the Tectnical Advisory Comittee in this area, but it is difficult 

to understand why conservative management practices cannot be = 
immediately implemented in lieu of knowledge as to how the area's 

varied resources can be utilised whilst mintaining ctable ecil, 


uniforms runoff and desirable vatershed conditions. It isa strange . 


a Albertn, Dept. of Agriculture, rater sooources Office, 
Annual Report 19535, Edmonton, 195%, pe 71. 


‘2 Wim H.G., and c.0. Dmford, Probles Analyets = Forest Influences, 
Rocky Mountain Forest and Runge Mot.Stn., Port Collins, 1941, 2 pp. (mimeo.) 


13 Dile, Rou, Watershed mement Recearch Needs in the Forests 


of the Lake Staton, Michigan State University, AgriceEupteStne, Dopte of 
foreotry., Space Bulletin Moe 416, 1957, ppe 25=26 «> 


! 3 
is Frank, Bey pers.comm. to ws, Jeffrey, Canada, Dept. of 
Forestry, Forest Resoar 1 Branch » File Ajw7?3, Calgary, 19€1. 
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that at the ease tiae\a.effort Ls being directed toward : 
Hemteoticn of tall wae water vearerese, the Anmal Report of the 
Eastern Rockies Forest Conservation Board for 1961-62 states 

that “Although there 1s isyrovecent in watershed conditions en 
Monee Wend’ anal Clever Gerthe it Us ceovebls thet, concerning the 
area as a vhole (4.0. the three Forest Reserves), conditions 

‘have deteriorated en accomt of the great acomt-of disturbance 

by increased road mileage, of] wells, sciexic lines and pipe 
lines.) Rehabilitation needs are intreacing as preservatica 
dainegleated) ibe) tsi is) takin | thelAlecussios est of: the realm 
of watershed reecarch per £9 and into a consideration of present 
eal onies Cara leanairenentineculionen tel (pew Chapter IX). In this, 
however, it might be argued that once the eurvey work has been 
Grenniueds, channal ling of iui tedperscnnellend Ams away fros 
the four basic research studies and into rehabilitation reecarch 
Lee {te application would be desirable, given sufficiently nieone 
aicestlves agpinnt contimring damage. S04) movement is an 
inevitable constituent of post activities on forest and rence land, 
oo that the question 1s, how uch dame enn be tolerated and hov 
suits 7 economically avoidable. Intengibles limit the suitability 


of aimple benefit/cost analyeis an xn anewer to this probles, but 


"pone guidelines ere urgently neede. to find out how such added costs 


nnn 


15 maatern Rockies Forest Conservation Board, 


a 

: ‘im watershed managssent are justified. ‘a tn the research 
programe priorities dcecribed by Dunferd for the Peeifio. Herthwest 
of the United States, malected dikes of investigation inte the 

“causes and rectification of dLeturbance ehould werit ence 
attentica.¥ These chould inelués not only the eataraied 
rehabilitation end preservation objectives noted above, but aise z 


research: inte techniques for eintetzing ectl sovenent along roats 


be levied against the Peoupeoting companies, though provisions for 


end ecilemic lines. Coste fer the last of theos could reaccashty | 
the other recearch pricrities oust dsrive fron the two Covermients, 


unless Reserve uners and downutreas beneficiaries are to be 


properly assessed. 


ee sais — | 


16 mtord, E.G., A watershed Ressareh Progran for the Ve 
Paci fie oath) Proce Soctoty of American Foresters, 19556 pel. 
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CHAPTER IX 


 PREGAITY. AND LANGR Ti MARAE i 
REQUIRWURNGS Di Tite CLOMAT XIVER 
Basia 
It has been shows that inventory studies: axe escential 
in locating end predicting sanageneat yrobleas on the Lnstern, Slopes, 
he well’ Ba erp et ine Gee taco toe catsuit Peed receareae At | 


present, action reqrireseate in the fora of watershed rehatdlitatien 


in the Crovenest ‘crest Reserve would esen to be a fr wiser 
investoent of linited funds than would the iaitiation of baste 
reeeerch, The preservation of wee: which has beea civesn | 
priority over restoration, could be eudstantially aided without 
researc! were a conservative managesent policy exnbstituted for the 
peeecnt emicd eles ei rtecs) anilthie wuld’ cumtall aptraling 
rehabilitation probless. It would be wfortunate if failure te 
protect watersieds in the face of rining water needa reculted ia 
derenrtasie of multiple=use, as has happened in soe parts of the 
United ‘tates.” Increasing use of water on the irairtea ebould — 


ensure watersheds a éoninant position well into the future. 1# 


fer os imediate needs are concerned, these fnll into two inter-related 


grouze! use-conflicts doleterious to wtershed conditions, and 


reeolution of. conflicts anonst tie other uses now being pursued 


1 Tumstall, Ge, -aterned Imarenent by the cantern docitles 


Porest Jonservation board, Forestry Clrontale, Vol. Wi, ‘arch 192, pe93- 


a Galley, ‘ere, The Challenge to -aterehed Manapvenont, Proce 


/ -oreetry -entennial Wwaferencs, robe 1979, Corvallis, 1959, pelle 
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poets Teeee 
sone problees of uso requiring rectification were noted 
‘ehove in Chapter Vit, end Feesarch in otter parts of the world 
notably the United States, inte ‘penedies for erection end esdinentae 
tion, could certainly be applied here with cucceess Thees concern | 
umerrented damage on evergrazed Ianto, leering and foreatry roads, 
eoisclo Mines-and along etrecncourete, ell of witch can Sa. 
pr gota nen: contro lspe ne ea tn tire. For example, in the wyer 
Cléman end crevenest Miver banins, which eupply water to the 
Lethbridss Northern Irrigntion Metrict and the proposed dap 
secervoir cite, the tining end quality of otresflev are expecially 
importante There, leceing roada and eid trails continue to cause 
loss of ecil end stream esdisentation, and loguing damage and debris 
ai er to atreem channel chanzes. Stabilisation should be 


carried out and the debris recoved, the roads thezselres to te 


relocated wherever necessary. ixtensive elearcuttin: of forests in cs 


this ease intermountain area fe endangering stream channels by 

- inereasiny the total volums and peak loads of Dutch end Racchores 
Greeks, and may, unless vell excuted, cause intensified flood 
conditions and undectrable lew flow periods downstrees. There is 
a\particularinsed forthe protection of young grovth’ frou fire, 
‘especially where infiltration capacities are low en the finer tills 
end clayey residual soils. | 


Some otabilisation is needed on the new aoienio lince, 
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CERO nts 


roade}vnich preeent eorious erosion yrobless, as at Vieary Creek, 
and the’ gas pipbline throw the Livingstone Valley, exst be 
prevented frea caucine daxazes ‘Rerther cerrectioa of esdincat | 


“and elack in etreacs froa Vicary and Tent Homtatn eines ts 


Geeirable. Gresing has been exceactve in the facehoresy Clic 
me iaeen coe Telieye, but cicne ef aieune ere less conspicuous 
treat tales) ¢(enercout ting aanand) thon 4a the (ormer peocvery 
preeente far more cerious proble=s. Impeirwent of wmitershed 

conditions must be avoided in the future, end coms Lully ecntrel 
an4 reeceding ehould be initiated, ven eo, grazing lends in the 
Meeeese are Perera y tai mioh Retter eandition thas they sere an: 
the late 1940%a. Preeence of far vores abucsd enterebeds in 


Colorado and Utoh must not, however, bocozs a eoperifie for 


* “ complacency 


The oleareoutting of hivh elevation tinber berths en the : 
Dutch, Beaver, Savanna and other crees watersheds to.an erbitrary > 
three per cent mum: cut of mture and over=-eature ticher is 


Justified an aveidin; waste, though too such of it ise being . 


_inexpertly cleared. A moasure of erocton protection ca oteep slopes, 


for emmple, would be helpful, thowh fortimately the area is one of 
high winter snowfall and relatively low intensity eumor rainfall. 
It could be argued that comercial crasing activities in the Reserve 
etould be severely curtailed in the partial interests of improving 
watershed values, eoyectally in the front range-foothills arcane 
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: Juatifieation for use on the cremds of atebiltetng ranchin- 


ey eere sien a 2 
rE RS Fa : } \ ; , i BS on) 
The pe hesard would not necesearily increase, and econcete’ 


unite would appear to have boon evereestianted, Neither wildlife 


por recreatica conflict eeriounly with pricrities within the 


| forest, and those usce will merit considerahle expensicn in 


the future, : 
Aetée fros the tepact of theese reayestive uste on wsterahed 
values, lack ef definitive policies has led te a ecamure of 
ecnflict accayst tho other unes thennelvea. «as tlere is no 
operative cooperation between tne ‘antern rechios crest 
Concervation Joard and the rrovinecial Fidh end wildilfe Divieaion, 
indeterainate allocation of fora,o betwoen elk and donostic 


livestock continusa., ending inventcry end reccarch studies, an 


“Uaterim decielon sould have been made cose tloe ade Inferter 


remmmerationn from wildlife may be a reason wiy the Loard considers 
that "The solution to the protectian of rance used by vonestio 


liveptook and elk doos mot lie in the reduction of cattle 


_ mmabero''s” If carefully mnayoc, there in a place for both in 


the orest wider the adopted “miltiplo-uce” polley., Jace etieht 
reasonably bo civen priority on winter and ajring formce crounds, 
with eoas yroviston for euppleonentary feed in covere winterce 


Swaser pramin, by cattle on cut-over areas of bottonland alluvius 


~ 


1A 
7 .wetern Povbtes :orect Conservation Soard, Aunurl scyorte 


ITH, valimry. 1M, peo 270 
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is harming forest Seiicy widlet the eboonce of eee fires . 
een, stocking Peductions, es tn the Gap Allotseate 


In the maintenance’ of Citable. “elean fish eats as in all 
the other ccaflicts, considerate manapesent - ‘of the teat vidual 
coa,onents in the multi plomuse conplex is Ceclrable. chile there 


1p quite a rense of landeuses present, only a few are inrolred 


in individual areas, thmus-aiding in the resolution of the conflictas 


The concept o: exclucive usca in cone parts of the Reserve, thouch — 


aifficult to manave, must ‘be. even es an isportant guiding 


objective. ’ : 

Recreation in general is eiftiewt to evaluate in terns 
EH alceneliehters cies, tolaccisty ian) alas hast peeved the ish 
walue of controlled water oupplies. in contrast, the financial 
returns accruing froa timber and grazing exploitation relative to 
adninistrative costs are castly eumnteds LAttie nites te tolsae 
recoynition has been done in the interests of recreation in the 
kegerve, which 1s ;otentially of considerable worth and eiyht 


eerve certain needs ao well an, or. even better than, the National 


Varkn. Fiah and wildlife resources, together with tourist 


poesibilitios, comand auch leas econoale and political power than 


| do the co-equal, conyoting usca, even though harm to those uses 


need be only minimal. ‘ihe attrncotiveness of the relatively unused 
wostern part of the uppor Cldman basin stands threatened by tisber 


end other interests in the absance of responsible recreational 
land-use polloles. 
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Defined as “the matching of water ewjly to the existing 
Saori Ce 


osvelcpann? Aa theiTeaiets, Province, and each coxponent lasing 
ean only achieve efficiency through carefully plunned nanucomnts — 
‘The preeent, Suey, ie not, hovevor, prodoxiann tly concerned with - 
arguing the need for comprehensive developeont of the Basen ciawane 
Releon Uver Snetn,” and etree: te laid upon the requireseats for 
protection and enhancerent of water resources in the countains, 
foothills and plains’ marine of pouthevestern Alberta. lrejected 
areal desands for water of a partioular qubatity and qualiiy would 
be earlier to eatiafy wder planned covelopecnt than tuum a 
process of market allocation with lintted provincial aud ‘vderal 
Biceeti eee: The priority aystes of water allocation, the luck or 
aculty in using the provinions for action now in exislence, and. ~ 
‘the ineffectuality of the Prairie Povriaces eater soard‘ani toe 
Alberta water sesourcees Lranch, are hardly desi. neu to foster 
efficiant, beneficial use. Fully corprelensive water resource - 
developacnt has not been adopted as policy chiofiy vecause the 


need for it has not been felt to be eufficiently acuce, aut also 


* Achermanng ‘ete, Te Impact of ‘ew Techniques oa lntocrated 
Multi ple=rurypocs eater Development» United tates ccaoate, “elect 
Comittee on ‘ational “ater ‘erources, inter Secources Activities in 
the United States, Committees irint No. Jl, lyxO, pe le 


? Vide Yous 1.Keg and Le. Lruino, Orpuniiational Arrance- 
mente for ator evelopzent, liatural Moocourcon Journal, Vole 2, 
Noe 1. April, 1962, Ppe 6 ff. 
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_Dbeoauioe of the nature of the Det tieh lorth Aceries Ast in 

effecting a Fectrsec ve division of sunt ecte tee There is neod | 

pee aie Manet ase Preece incoryorating a variety a 

of structures, tains into acoanay tho Lettattons impoced by 

the Ceastitutten, and being afaptable to new ideas of recoures 

eacawaricns “eteriens and feist ianmac in diecusatae tha ; 
Sreetmiiictee ori plaaned ml tte arcane ori ven basta aevelopacnt. oe 

for the Sackatchewan-lieleon, eaphasise the peiaury need for the 

eajor parties at interest to Reet Takei to dlecover the extent to 

which they have interests in coazon vaich could be atvanced by 

couprehonsive planning and developacnt within thin incense bacin, : 
“If they fall to find a com purpose or comsan puryoees, [recut S a 
pig iihere Mai nalceameiitcn Crounteine aj prcup\resreuntinentheas 
Orarticdlasl arttemesssne 

Currently, several agencies adzinister the relevant water= 

sheds of the Lantern Slopes, only a portion of this decisive area 
being eenoged with etatutory concern toward watershed values. 
Unfortunately, Provincial dininterest in the conservation of water : 


supplies has not helped even the Forest everve, on which watershed 


6 Stephens, Velles ond Ke Krist janson, Planning river Party 
vevelopeent. Paper presented to the fourteenth uritish colusbia 
Natural Kecources Conference, Kelownn, Soptes 19625 pol2. (mimoo to be 
published). Vico Canada, Depte of Northern Affairs and National 


heoourcen, Rocounesn for Tocorrey_Confersnoas Conferes .ng_Denhemnound 
Fa » Vole 1, “Cttawa, ps ppe AOS—cy7_ and vont “ents Procog Trem, 


Cttawa, 1962, ppe 129-143 and 321-500. 7 
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pricrities are theoretically doatasnt y Willet action further east 


_ has been lanentably restricted in ecope. - catablichaent of the © 


Reoerves was, according to the Federal representative em the 
pastern Rocktles Forest Censerraticn Boards vaiqus in Caneda, in 
that it was “established for vatersylelés, rather than flood 
control", and further, that "it ie not a problea erea where a 


rehabilitation job has to be undertaken in order to repair dames 


troucht about throwh mlemnacesent = the pest.” This lntter 


statecent in not a little inaccurate, af least as far as the 


Crowenest Forest 1s concerned. There, rehabilitation has not yet 


_ been seriously attempted, and capital expenditure has been confined 


to the “preservation” of what resources re=ain, in the interests of 


their optimum, cheapest exmicitation, to the detrinent of the watere 


. sheds. Further, omlomtion of the area from the "Nesourtes for 


Tonorrow” Conference held in Montreal in 1961, fo eurely perplexing 
in view of its atatus and peculiar nature. 

: pewenberin: the emll area involved on the ‘astern Slopes in 
Alberta relative to its inyortence in the ‘naskatchewsn=tleloon River 
Desin and Canada in general, .u... the neod for efficlent application 
of opposite peiiekan' a cingle planning control appears deairable, 
with wide etetutery powers to carry out its recomendations on both 
public and private lands. thie would constitute a preparatory step 
toward eventual Integration with the whole basin as a units and vould 


aloo be given intionte, relatively woomplicated relations with the 


? Tunstall, Ope Cites Pe G76: 
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reseorsh agency dloousuod in. Chapter | yLiz. tatters o policy vould 

be open to free dtecussten and ccatrel | Wracrereean pxlig, cals 

Te ee eee ee eee rere A hose talied eocidatraticn 

of the watershed. It aicht be reascaed that the two, manageceat end 
research, could be profitably fused eines they are eo clocsly 

Felated, thus initiating cos body which would by reayensible to the. 
peopleifend ohargen|uith cvere\l water rescures ¢evelopaent relative =< 
“to the social and econsatc needs in the bari. 

Reaponeible planning control, in managing the tactern Slopes — 
as a uit, vould require a willinmess on the part of the Province of 
Alberta to forego cone of its "rights", end alco a realization that 
dhort tera cenetary lees in a partioular eccter 1s not alvays to be 
avoided. (nm the plains’ margins and foothills, conservation could 
‘be encouraged od intensified throuch a measure of oubcidtedtion end 
inspection. eaterton National vark is, like the other Cesedten 
Na tlonal barks, primarily devoted to recreational lend-uses, but 
_ insofar as thece conflict with wmtershed Ce OI ad 
in lack of control of graiing by wildlife, the federal Joverncent 
ehould allow intervention in the national interest at the request of 
the planning control agency. As to the question of restoration end 
development of the iarks’ watersheds for oj, tinzus streasfiow, this’ 
could well fit in with recreation and need not iiterYers with these . 


ideals underlying the initiation of the Parks. 
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in the Rocervs Ltealee ua baste rolaticachtps have been 
Worked! out! taijuast ty ‘rudimentary’ land-use: plantine. Detedled 
renageceat plans chould te ferculated ascording to areal éifforesses 
end priarities of use, thoush adcittedly these predicate a ata 
tary inventory base watch 1a not at present ef exffictent ecouresy. : 
Caly when this last has been completed end a receareh progrenss 
carried out vill it be pocatble to determine hov much the vecstative 
cover can de chanscd BoD SE PA Aer al re for ether 
uees without da=age to waterchedss Different types of protections, 
 resternticn end inprovesent are nected in cifferent parts of the 
Reeerve decauce of vertations in phyetcal condi tions, whilst the 
degree of alteration, for example ef the vecotative cover, seust be. 


related both tu the neod for change and to the potential responsss 


in each area, "It is desirable that wo define as closely as poscdible 3 SN 


those areas that will res ond to intensive menagescnt for yield 


- inereases, quality inprove=snt, flood control, regics improvesent, 


forace increases to rect eeascnal needs, timber production asd many 
other objectives of miltiple-use of the Recerve.” 

The potential for augzenting enmual water yielte by vecotative 
‘manipalation in southvestern Alberta io not very great, and quite 


local. 7 Making a.very penerous estimts, Layeoek conelndes: that, 
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canageccat atsnt Goacetwebly inerease ey year etreneflew wo to 
fifteen thousand ecre=feot (tea per cent) in the Crownest Ferest 


ever a ehert period of ties.” Preceat “high” ylelés ¢ortving fros 


peat burns end leccing operations vill, howver, Cocresce a6 Fem 

Growth a¢vances. It ip eviteat that annagecent prieritics ehould 
an 

etrees useful Feginess water quality, end feed ecatrals wateh wid 


‘ ales necessitate a ecammre of eapencive ertifietal etorace.s These 


odjectives, ecpectally reine improvesent, with which the otter tye 


are alocrly connected, apply to mich of the area, but 1¢ 18 tmvert= 


ant that priorities be epect fied anengst the various watershed 


“ managenent purposes pea cee arto rte nenerve? Ate 


sore foothills watersheds euch as willow Creek, quality improvesent 
when overmuse penerates erocion and possibly water yields in bask 


nS 
rence drift basine. 


Pea ees asee thechich, pocewuth vad 
conservative eanayesent would help delay and recuse flood peaks 
throush retarded enownelt, improved infiltration, end increased 
detention and retention storage. Through trenapiration losses this 
would reduce total ylelfs. ‘ihe treatment chould be most effective 


in the front range and foothill arens of the Crovanest Forest, with 


their shallow soils, low infiltration rates and frequent hirh intenalty 


a TT 


Ibid. pe 2726 
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a p : | ve << 3 i 7 
etoras of long duration. Theos end like policies could be eteatily 


a modified as watershed research prosreesese Maser contributions tres 


 Feesareh. will be over a leng period of tine, co on Intertn policy of | 


restoration work, coupled with imroved mnagenent’ prestices eleod 


at cadatenarcs, would bé approprinte. Again, heverer, dove lopaent = 


of euitable ertificial etorace has a eonplecontary rele to that of 
watershed manacenest, and Teeesaeen Leportent efvantaces in ensbling 
provieion of kmow volumes where end viien. required, froma lerge water 
storage capacities. Meanvhile, the porenaed hycrogra,he, with their 
flashy peoke and low base flows, are for trem ideal on etreacs - 
‘eoulng froa a “Forest Conservation" exea.? 

+ In concluston, aamagenent policy treads in the Clésen River 
Resin, under whatever control, must be confronted by the seven 
geveral requiresents indicated in a Comuttes Print of the United 
| States Senate Select Comzittee on fimtional vater Resources: 
IVA oealeraicaletieciilans tater Gonservetloa.an,farasiend 

renchone Intensify procrans of asaintancy to formers 


and renchers to help thea use and treat their lend to 
reduce erocion ond tho rate of runoff, md to increnace 


the efficiency of ues and trenetiesion of irrignticn water. | 


20 efe Kennedy, He, water Coanervation on the hast Bloves 
ote ey Mountoinne Address to the ;oyul Society of wanuada, 
ot » 1951, pe U. (typescriyt) atates that as the most pressing 
neod is for water in drought porlods, come chances will inevitably 
have to be taken with lozal floods, at infrequent intervals, the 


effeata of which ean be oltigated by works creatod outside tho 
Nenerve.s 


E 
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eee 


ao 


2e Detter manncenent of forest Inndne snetlitate prozmacs 


for tne preventica of overcuttinz, destructive logring 
methods, over=srasing of foreste, end carolesenses 
with fire. Those are oti) too ;revalest as comon 


'- prnctices on lnrge acreases of forest lands @ end this - Se 


substantially roduce the effoctivences of forests as 
protestors of water mupplies. sesolerate s<forestetion 
end other constructive forest conceorvaticn astivities. 


he 


Se 


6. 


1% 


aicivaane  eiculavcsntorastoretandards wala vill maces 
eatinfactory watershed cover. evegetation chould be 
undertaken proaptly where cover is badly coterlorated,. 


eraistance to locil ormatecs 4eations for watershed. 
protection and Clood proventianece. ne 


Centrol of — ntophytose Nenbeneficial high vater-using 
Becce © d be ld in check. At the esse tise 

water used by vogotation that prevents erosion or harmful 

.ecotinent sovezent ahould be recognized as an essontial ue. 


Aocelernation of reconmrch. Acceleration of the agricultural 

forestry research proyramsecee. Jpecifically, there is 
en urgent need to increase cur imowledse of the hydrolecy 
of forest end agricultural waternheds as affected by 
different intensities, types, and techniques of use, in 
order to develop comprehensive water programs, - 


Piueational, toohnienl and Mnancial eastetencs. In order 
to fully inplosont the iteas listed vo, there is need to 


' provide adoquate edutation for the public. There is also 
need to provide technical and financial Scene a to 
landowmers in certain aspects of conservation. 
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United Jtates .ouate, velect vordttee on National ater - 


Kepources, “ater iecources Activities in the United States, Comittes. 
Print Ho. 13, catimated entor koquirements for agricultural Purposss 
end their fffects on eater Supplies, “ashington, 1900, pps Lo 
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2 , and S.R. Blackwell, The Magnitude and Frequency of Floods in 
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, 3 pp (unpublished ms 
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Canada ed Leggett, #.F., The Royal Society of Canada, Special 
Publications, No. 3, Toronto, 1961, pp. 33-50. 
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f , The Grazing Resources of the Rocky Mountain Forest EESEEs 
Eastern SRackates Forest Conservation Board, esol Neds, slO=pps 
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Le Breton, E.G, and J.F. Jones, A Regional Picture of the Groundwater Chemistry 
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published . 
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Macoun, J. Manitoba and the Great North West, London, 1883, 687:pp. 
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Mokosch, E., Location of Lowa East of the Rockies, Canada, Dept. of Transport, 


Meteorological Branch. CIR-3575. THC-356, Dec. 1961, 10 pp. 


Moss, E.H., The Prairie and Associated Vegetation of Southwestern Alberta, 
Canadian Journal of Research, Vol. 22, Feb. 1944, pp. 11-31. 
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Fig, 2 and 3. The basin of the Castle River above the excite station 


_ Bost of the flow derived from relatively dopendable tackerence 
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eoiet af air in June, 1953 after a wot cool spring vere mot espere °C a 
fenced here, high enowzelt diecharges were heavily excmested by” ee 
runoff from that ecource. Flows were eharacteristically lew ia sore ae 
winter, late eucmer end eutom. : 
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_. foothills and plains. Much of tho comment made above applies 


respectively to the 1949 and 1953 graphs. Cempariecn of tho craps thy 
ef meen daily diecharges fer individmeal months in the rater-ycars = 
1948-49 end 1952-53 in Fig. 14 of tho Belly at the Interdational lea 
Boundary end at Standoff iliusirates the extent to which tho low 

feothills end pleins contributed to the 1953 Mleod at Standoff. : 
am early peak from plains enowmelt, flashy Mews fron epring and } 
qumer reinstoras, important becleranco cnowmelt end a particular 
ly woll eustained late ewcoor end esate Mew characterise the 
1951 curve. 


enti 8. The Cdees River Bactn above Lethbridcs, the river'a ; } 
t gauging point, eovors over 6,700 equare elles (under 5,000 \ 
eqeare ailes cn a “dry” basis), and includes contritutions from 
the Waterton, Pelly and St. Mary Rivers. All the different up. | 
etreem components are cusmuted heros mountains, foothills end 
plaine (sce Table 7). In 1941, a vory lew floy your, tho influence ; hel 
of crainags area in emootiving cut poaked eub=-basin curves is : 
evident. Pecord discharges vore noted in 1945 at euch ouiges as 
the St. Mary at Lethbridge, tho Polly at tho International Bound} 
ary, the Castle at Deavor Mincs end Cldman at Menarch, ‘Thoed, 
deriving from etorms in late May end June which exomonted above 
average winter encvfalls tn hicher orens, produced ths hich 
diecharges at Lethbridos. The moan water content of the enow 
courses used in the St. vary Snow Survoy wore tho lowest in thirty 
years im 1941, while the content was particularly high im 1945, 
whea contributions to etreanflow wore pronounced in June and July. 
Kerlier snowmelt came from eastern mountain areas, tho eastern 
elope of the front range and lower parts of the basin. 
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e 9 end 10. Rising in the Crowenest Forest Reserve on the eastern 
elope of the front rance, but chiefly draining foothills end - 
plains areas, Pincher Creek's watershed above Pinscher Creek teme 
eite is approximately fifty equare miles in erea. The strikin 


coatrast between 1914 end 1915 illustrates woll the variability 
of euch streams both enmially and eceacsnally and thalr ie=odinte 
= Feepoense to intense rains of long duration im renld succession. 


Figs. 12, 12 and 15. Much the ence cheracteristics are ilineteated by 
the curves for Trout Creek above Loclswoed's Lanch in 1914, IMS 
end 1916. ‘he basin covers over 160 equare miles, fee. alzost = 
ull of the northern portion of the Porcujydne Bills cection of the 
Crowmoest Foereat Reserve, as well as a part of the plains to the 
@ast. It is probable that the erratic, flashy reyics vero 
portly otimulated threuch dcoterioration of watershed values owing 
to edsuse (see Chapter III). Lscal reports sucoest that there ws 
little water in storage when the May, 1915 rains began. 


h, 
Fone Mo. Stream Game Oreinage Area ® 
‘ Dry - Gross 
1 Waterton R. Standoff 555 695 
2 Castle R. ' Beaver Minea 3 ng 
3 waterton Kk. eaterton Perk ~~ 2% 233 - 
r Polly R.~ Internat. Sdye 74 75 
5 Swiftourrent Ch, Many Glacier 42 32 
6 St. Mary Re Internat. Baye no? 516 
7 Leo Ch, Cardston 2 2 
8 Rolph Ck. Mindall us. |} 
9 belly Re Standoff 356 477 
10 Willow Ck, Claresholm 4x0 462 
(a) See Chapter IV, footnote 1. Areas are in square elles. Ne ) 
(bd) Not known. ~~ 


The diecharye data used in Migs. 2-14 was eupplied by the vater 


‘Resources Prench of the Federal Dept. of Northern Affairs and National 


Resources (Calcary) and the hydrographs (Nies. 2-13) were craun by the 
Hydrology Diviston of the Alberta Water Resources Dranch (Edsson ton) 
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